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AVAILABLE PATTERNS INCLUDE— 


Nos. 3. 4 and 7 


Nos. 3L and 4L 
No. 3L. 
AED edvaecal 


For general surgical use. 
Elongated handles for deep 
surgery. 

An offset, elongated handle for 
use in hysterectomies. 


-A small, finely balanced handle 


for ophthalmic, plastic and 
minor surgical use. 


B-P 
SURGICAL KNIFE HANDLES 


Outstanding for their durable fabrica- 
tion and capacity to accurately and firmly 
fit every B-P Blade, their combined qual- 
ities of practical design, balance and 
finish are as distinctly individual as a 
fingerprint. 


Genuine B-P Handles may be readily 
distinguished by the Gothic Arch pattern 
of the distal ends . . . a time-conserving 
aid in blunt dissection. As quality prod- 
ucts, they are built for long periods of 
satisfactory service . . . designed to resist 
the damaging effects of hard, constant 
use. In the end, more economical by far. 


isk your dealer 


BARD-PARKER COMPANY, INC. 


Danbury, Connecticut 
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SODIUM 





VIALS (for aqueous solution) 
The presence of a buffer (4 to 5% sodium citrate) makes Sgurss 
Crystalline Penicillin G Sodium considerably more stable in solu- 


tion than unbuffered solutions of crystalline penicillin G sodium. 


In diaphragm-capped vials of 100,000, 200,000 and 500,090 unéis 


OIL AND WAX 
Sguiss Crystalline Penicillin G Sodium in Oil and Wax has 
improved physical characteristics permitting easier administra- 
tion . . . and provides prolonged-action penicillin in double-cell 
cartridges. One cell contains 300,000 units of penicillin in refined 
peanut oil with 4.8% bleached beeswax. The other cell contains 
sterile aspirating test solution to guard against accidental intra- 
venous injection, 

300,000 units in 1 cc. double-cell cartridges in B-D* disposable syringes, 


or for use with B-D* permanent syringe. 


Also in 10 cc. vials, 300,000 units per cc. 


TABLETS 
SguisB Tablets Crystalline Penicillin G Sodium (Buffered) are 
individually and hermetically sealed in aluminum foil to protect 


them from penicillin-destroying moisture. For high oral dosage. 


50,000 units per tablet, boxes of 12 and 100. 
100,000 units per tablet, boxes of 12 and 100. 


All these dosage forms of Sgu1ss Crystalline Penicillin G Sodium 
may be stored at room temperature. Refrigeration of aqueous 


solution is necessary. nae is i 
. M, Reg. Becton, Dickinson °. 


specify... SQUIBB crvstav.ine PENICILLIN G SODIUM 
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ASSOLE, BEES 


Lhe Medical Ccllege, ulane University 


at New Orleans, Louisiana, is the oldest medical school in the Southwest. 

a \ Organized in 1834, its founding predates that of the University itself, of 
e<# Sense of ' which it became a part in 1845. Tulane has made outstanding contributions 
' to medical progress and public health through its advanced studies in 

responsibility tropical diseases and the development of controls for hookworm and malaria. 


is an outstanding 





characteristic of those who follow the profession of surgery. 
Serving the profession for thirty-eight years, Davis & Geck, Inc. 


shares this sense of responsibility. This 1s evident not only 





in the rigid standards of suture quality set by D& G but also in 
the increasing variety of suture types and materials developed by D&G. 























Deb DERMALON 
and SURGILOK 


Dermalon* Sutures are processed monofilament nylon 





strands, providing absolute impermeability, 


desired degree of elasticity, and smoothness of surface. 


Surgilon* Sutures are braided nylon, 





specially processed for maximal knot security, 


non-capillarity and compatibility. 


DERMALON & SURGILON SUTURES DAVIS & GECK. INC. 

may be obtained with swaged-on S/ © . 

Atraumatic* needles.*Reg. Trade-mark —2—.5 BROOKLYN 1, NEW YORK 
a 





Pollen Count 
of City Air” 
Los Angeles 108 
Denver 1126 
Washington, D.C. 820 
Atlanta 697 
Boston 359 

Detroit 

St. Louis 

Chitago an ae 
Des Moines 5228 
New Orleans 796 
Omaha 4159 
New York 585 
Portland, Oregon 36 
Philadelphia 1257 
Dallas 2077 


*“Allergy in Proctice,” Feinberg, 5. M., Second 
Edition: 1946, Year Book Publishers, Chicago 


Ss 
e>  Pyribenzamine 


HYDROCHLORIDE 





In seasonal hay fever Pyribenzamine has provided 
effective symptomatic relief in 82 per cent of patients.* 
It has also been successfully employed in urticarial 
dermatoses, acute and chronic atopic dermatitis and 
certain allergic drug reactions. The comparatively low 
incidence of side effects permits adequate doses in cases 
where other antihistaminics have not been tolerated. 


*Feinberg, J,A.M.A. 132:702, 1946 
PYRIBENZAMINE @® (brand of tripelennamine) 


For further information, write Professional Service Division 


CIBA PHARMACEUTICAL PRODUCTS, INC., SUMMIT, NEW JERSEY 
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rapid control 


In POST-OPERATIVE al TRAUMATIC INFECTIONS 





Shortens healing time ! 





I Glyacrite’ 


HYDROGEN PEROXIDE ige . 


aids exudation | 








HYGROSCOPIC STABLE NON-ALLERGENIC 


promotes granulation tissue 





Clinical studies: 
In a series of 94 patients treated post-operatively with Glycerite of Hydrogen Peroxide ipe 
for hemorrhoidectomies, fistulectomies, excisions of anal ulcers, 
abdomino-perineal resections, and pelvi-rectal abscesses 
demonstrated healing in one half the time required by a control series of patients 
treated by the usual therapeutic means... 


Apply directly, or as a wet dressing, two—four times daily. Supplied in four-ounce bottles. 


GLYCERITE OF HYDROGEN PEROXIDE ,.. 


Non-selective, Non-toxic, Non-sensitizing, Non-irritating, Prolonged bactericidal potency ® 


Bibliography: New Eng. J. Med. 234:468, 1946. J. Invest. Derm. 8:11, 1947. 
Science 105:312, 1947. Am. J. Surgery In press. 
Literature on request. 


Intenational PHARMACEUTICAL CORPORATION 


132 Newbury Street, Boston 16, Massachusetts 
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Official bimonthly publication of the International College of Surgeons 
Edited by Dr. Max Thorek 


ASSOCIATE EDITORS 


Hamilton Bailey Felix Mandl 
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Manuel A. Manzanilla 


Its pages are open to all surgeons, regardless 
of membership in the International 
College of Surgeons 


Summaries of all articles in five languages 
Sample copy on request 


Vv 


SUBSCRIPTION RATES 


$3.00 per annum in the United States and countries in the U. S. 
postal zone; $4.00 in Canada, South America and foreign countries 


Journal, International College of Surgeons 


SUBSCRIPTION OFFICE: 
1776 Broadway New York 19, New York 























Pinting palatabilty 
tito bigh protein diets 


Swift's Strained Meats 





how used extensively 
for special diet cases 





Prepared originally for infant feeding 


Lean meat — strained 
fine enough for tube - feeding 


Swift's Strained Meats, developed orig- 
inally for feeding to young babies, are 
prepared from selected, lean U. S. Gov- 
ernment Inspected Meats. They are 
carefully trimmed to reduce fat content 








Good food plays a psychologically as well as a 
physiologically important part in aiding recovery. 
This is one reason so many doctors are now using 
Swift's Strained Meats for patients on high-protein, 
low-residue diets containing chemically and physi- 
cally non-irritating foods. Swift's Strained Meats 
provide a palatable, natural source of complete, 
high-quality proteins, B vitamins and minerals for 
patients whose condition prohibits the use of 
meats prepared in the ordinary manner. Each of 
the six kinds: beef, lamb, pork, veal, liver and 
heart, offers a tempting, distinctive meat flavor 
more readily accepted by patients, even when 
normal appetite is impaired. 


to a minimum. The meats are slightly 
salted and strained so fine they will pass through 
the nipple of a nursing bottle . . . may easily be 
used in tube-feeding. Convenient to use—espe- 
cially for patients at home—Swift’s Strained Meats 
are ready to heat and serve! Each vacuum sealed 
tin contains 3% ounces of meat. 


Swift’s Diced Meats—tender, juicy cubes 


For soft, smooth, high-protein and low-residue 
diets, these small cubes of lean meat offer new 
convenience and appetizing variety. Swift's Diced 
Meats are tender juicy pieces of meat, easily 
mashed into smaller particles if desired. 5 ounces 
per tin. 


We will be glad to send you further infor- 
mation about Swift's Strained and Swift's 
Diced Meats with samples. Write Swift & 
Company, Dept. BF, Chicago 9, Illinois. 


Strained 


with petf 


All nutritional statements made in this ORE Cen ree 
advertisement are accepted by the Council ,§ Counc on Um 

x opi oe FOODS AMD Jes 
on Foods and Nutrition of the American  enrarty)s 


Medical Association. wae 


SWIFT & COMPANY +CHICAGO 9, ILLINOIS 
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Ever wish you were 
Aladdin ? 


po remember him... 


He was the lucky fellow who found a 
magic lamp. It gave him everything he 
wished for—from diamond-crusted palaces 
to a sultan’s daughter as his bride. 


You’ve probably wished a lot of times for 
a miracle like this to happen to you. Maybe 
not for out-of-this-world treasures, but for 
something that will take care of the things 
that are bound to come up. 


Like medical expenses, or college for the 
kids. Or maybe just for the nice, safe feel- 
ing it gives you to have some extra money 
put aside for the future. 


Though no magic is involved, there is a 
way to give you this security. The Payroll 
Savings Plan. Or, if you’re not eligible for 
the Payroll Plan but have a checking ac- 
count, the new Bond-a-Month Plan, 


Either way, it’s almost unbelievable how 
quickly your money accumulates, 





Where else can you get such a safe, gen- 
erous return on your money ($4 for every 
$3)? It’s so simple—so easy, you hardly miss 
the money that you’re saving. 


And don’t forget—at the same time, you’re 
making more! 


Next to a magic lamp, there’s no better 
way than this to make sure your future is 
secure, 


Save the easy, automatic way ...with U.S. Savings Bonds 





Contributed by this magazine in co-operation 
with the Magazine Publishers of America as a public service. 
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Ferrous iron in its most agreeable form... 
FERGON is Stearns ferrous gluconate...stabilized to remain in the ferrous state — generally 
accepted as the superior form of iron for humans, from the standpoint of absorption as well 


as toleration. '? 


Fergon 


STEARNS FERROUS GLUCOMATE 


For Hypochromic Anemias 


THERAPEUTIC APPRAISAL: Better Tolerated — Fergon is only slightly ionized, therefore 
virtually non-astringent, non-irritating ... may and should be administered before meals. Better 
Absorbed, Fergon is soluble, and available for absorption, throughout the entire pH range of 
the gastro-intestinal tract. Better Utilized, as shown by comparative clinical studies.° 
INDICATED in the treatment ond prevention of hypochromic anemias; especially valuable 
in patients intolerant to other forms of iron. 

DOSAGE: Average dose for adults is three to six (5 gr.) tablets; for children, one to four 
(214 gr.) tablets or one to four teaspoonfuls of elixir daily. 


SUPPLIED as 0.325 Gm. (5 gr.) tablets, bottles of 100, 500 and 1000; 0.163 Gm. (2% gr.) 
tablets, bottles of 100; 5% elixir, bottles of 6 and 16 fl. oz. 





1. Editoriol: J, A. M. A. 127:1056, 1945 y" eid St a rn Sey 


2. Moore, el al: J. Clin. Investigation 23.547, 1944 TF). a. 
3. Reznikofl ond Goebel: J. Clin. Investigation 16:547, 1937 | Jivicon 


DETROIT 31, MICHIGAN New York Kansas City Sanfrancisco Atlanta Windsor, Ontario Sydney, Australia © Auckland, New Zealand 


- RS 


os 
Trade-Mark FERGON Reg. U. S. Pat, Off. 
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BRAIDED 
TANTALUM 


A USEFUL, NEW 
SUTURE MATERIAL 


Many individual strands of wire are in 
Ethicon Braided Tantalum. Photomicro- 
graph, above, shows Sizes 3-0 and 1, mag- 
nified to x15. 





ETHICON TANTALUM 
FOR SURGICAL USE 


Sutures. Monofilament: Sizes 6-0, 
5-0, 4-0. Swaged to Eyeless Atraloc 
needles. Braided: As described at 
right. 

Wire. Suturing material on spools. 
Sizes 6-0, 5-0, 4-0, 000, 0, 2, 4. 

Ribbon. For making neurosurgical 
hemostasis clips. Clips also supplied 
ready-made. 

Sheet. For skull plates in cranio- 
plasty and general plastic surgery. 

Foil. Used in neuro- and ortho- 
pedic surgery for protection of 
nerves and tendons. 

Literature describing use of Ethi- 
con Tantalum products available on 
request. 











Page 10 


e Braided tantalum is a new Ethicon suture material 
which offers the surgeon certain qualities not found 
in other sutures. 
1. Its “handling properties” are superior to mono- 
filament wire. It is much stronger than silk and less 
variable in size. 
2. Its tensile strength is not affected in the presence 
of infection. 
3. When Braided Tantalum is used as a buried suture, 
the attachment of the tissues to the suture aids greater 
anchorage. 
Ethicon Braided Tantalum Sutures are supplied in 
Sizes 5-0 to 1, in 60 inch length on card reels. 
Braided Tantalum has been found of special value 
for general surgical closure, plastic surgery, the Guy- 
ton operation for ptosis of eyelid and herniorrhaphy. 


ETHICON | 


FOR EVERY SURGICAL PURPOSE 


ETHICON SUTURE LABORATORIES 


Surgery 





FROM THE PAINTING BY CHARLES SNEED WILLIAMS COURTESY, AMERICAN COLLEGE OF SURGEONS 


I), lam Pied Haggard 


1872-1940 


Instructor, organizer, surgeon, orator. A founder of the American College of Surgeons. Professor of Gyne- 


cology and Abdominal Surgery, University of Tennessee College of Medicine (1899-1912) ; Professor of Clin- 
ical Surgery, Vanderbilt University School of Medicine (1913-1940). President, American College of Sur- 
geons (1933-1934). Major and Lieutenant Colonel, Medical Corps, U.S. Army; Surgeon to Evacuation Hos- 
pital, No. 1, Toul, France. Instrumental in organizing the Southern Surgical Association; President (1917). 


From the series, Great American Surgeons. Reproductions suitable for framing sent free on request to: 


ETHICON SUTURE LABORATORIES, DIVISION OF JOHNSON & JOHNSON, NEW BRUNSWICK, N. J. 





acTuaL STRETCH 


@ Here's Graphic Proof of Increased 
Tensile Strength in Ethicon’s Neu 
Bonded Catgut. 

These tensilgrams are from actual 
daily strength tests given each lot of 
sutures. Horizontal red lines at nu- 
meral 3 mark U.S.P. requirements 
for Knot-Pull strength on Size 00, 
Non-Boilable Catgut. 

Red curves show breaking points 


in pounds. Up to 30% greater 


strength and uniformity of strength 


are strikingly demonstrated. Note 


close grouping of breaking poiuts. 





Dependable 
Strength 
when 


knots are tied ( 


The crucial test of suture strength—just 
as you tie the knot! Then strain is greatest. 

At this stage, efficiency of action is espe- 
cially important to the smooth performance 
of the operating team. 

A greater margin of safety than ever 
awaits you in Ethicon’s New Bonded Su- 
tures. They are up to 30% stronger than 


sutures previously produced. 


THAT’S WHY YOU CAN USE FINER SIZES 


WITH CONFIDENCE 


LESS TISSUE REACTION 
... QUICKER HEALING 


Smaller gauges of catgut maintain 
their integrity longer than larger sizes and 
arouse less foreign body reaction. 

The increased strength of Ethicon Cat- 
gut Sutures, up to 60% over U.S.P. re- 
quirements, permits you to use smaller 
sizes—lets you secure all the advantages 
inherent in decreased volume of suture 
material. 

Ask your hospital to supply you with 
Ethicon Sutures, and gain all these advan- 


tages. 


Smaller Volume Reduces Foreign Body Reaction 
The above chart shows possible reduction in amounts 
of suture material embedded in tissue when smaller 
suture sizes are used. 


ETHICON 


WAAL ae 
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Original Communications 


Society of University Surgeons 


THE RESPONSIBILITY OF THE UNIVERSITY SURGEON 
Exuiorr C. Cutter, M.D., Boston, Mass. 


HIS is a happy occasion for me and I am highly sensible of the privilege of 

being allowed to welcome the Society of University Surgeons to this medical 
school and the hospitals about it. You represent at a top level the steady develop- 
ment of surgery in our country. 

These buildings, first occupied in 1906, were the seat of my medical educa- 
tion; my class was one of the earliest to secure its four years of education in 
these, then, new halls. These buildings were the result of careful planning, 
chiefly through the vision of J. Collins Warren, then Moseley Professor of Sur- 
gery, and Henry P. Bowditch, Professor of Physiology. The land, when pur- 
chased, was also planned to be the site of the future Peter Bent Brigham Hospital 
and the Children’s Hospital. By the time I was graduated, the new Peter Bent 
Brigham Hospital was finished and although I had planned to go to the Johns 
Hopkins Hospital for postgraduate training, that move to a new environment 
never came, since Harvey Cushing, under whom I desired to train, had moved 
to Boston when I was a senior medical student and began his work in the new 
hospital the year I graduated. The Children’s Hospital was then situated on 
Huntington Avenue but was built adjacent to the school in 1914. These last 
thirty-eight years have passed rapidly and yet during them great changes, 
especially in the education and training of the surgeon, have occurred. Repre- 
sentative of these changes is the fact that at the time my class graduated, 1913, 
only two hospitals, the Johns Hopkins Hospital and the Peter Bent Brigham 
Hospital, had an organization that could have qualified surgeons for membership 
in this group. 

Throughout these years, and beginning perhaps ten years before my advent 
to medicine, there had been going on great changes in the educational side of our 
profession. These changes set higher and higher standards and delivered large 


087 Presented at the meeting of the Society of University Surgeons, Boston, Mass., Feb. 13-15, 


161 




















162 SURGERY 






numbers of vigorous and stimulated students from medical schools to hospitals 
where they gave vent to their demands for better medical societies, better medical 
journals, and higher and higher standards.’ 

By reason of the clamor of the many young assistants in schools and hos- 
pitals for an opportunity to submit their work publicly, the American Society 
for Clinical Investigation was formed in 1908, and in 1923 I became a member. 
Unfortunately, only a few surgeons joined or were permitted to join, and so the 
demand for a similar surgical group became a frequently belabored issue. At 
the same time, the output of trained young surgeons vastly increased and there 
was insufficient space in the existing journals for the publication of their writ- 
ings. This latter struggle ended with the establishment of the journal SuRGERY 
in 1937, but no over-all society for junior surgeons arose. Meanwhile, surgeons’ 
travel clubs and surgical groups increased, modeled more or less on the original 
example, The Society of Clinical Surgery, thus absorbing part of the demands 
of young surgeons for an opportunity to present their work and diseuss their 
problems. 

During the period that all this flux was taking place, and even antedating 
it, was the mounting evidence in the Council on Medical Education of the Ameri- 
ean Medical Association, so long and courageously led by A. D. Bevan, that 
medical education itself needed improvement. This culminated in the famous 
report on medical education in the United States and Canada by Abraham 
Flexner, published in 1916. Later open criticism sprang up that membership in 
the American College of Surgeons did not necessarily carry the implication that 
all its Fellows were good surgeons. This sort of milling about led to the forma- 
tion ef the American Board of Surgery in 1937, and finally the bed was set for 
your birth in 1938. 

I had the opportunity to live through and participate in many of the dis- 
cussions and much of the work that led to the changes already noted. I took a 
firm stand in defense of the younger surgeons when they began to be turned 
down in numbers by the American Society for Clinical Investigation. Some 
relief was had with the establishment of the American Association for Thoracic 
Surgery in 1917, since a good many young surgeons were working in this field 
and the publication of the journal of this association in 1931 gave an added outlet 
to surgical papers. I long thought the early years of this association gave the 
best meetings in surgery in our country and found them frequently preferable 
as intellectual food to the meetings of the American Surgical Association. It 
was now clear that Surgery in this country had become finally separated from its 
position as a handmaiden of Medicine. The surgeons had become quite independ- 
ent and demanded their own societies, their own journals, and for a time paid 
less and less attention to their medical colleagues, at least in forming medical 
societies, although the joint investigations of young surgeons and their internist 
colleagues increased. The whole change went on gradually and was no doubt in 
part due to the better type of students going into medicine and the better educa- 
tion given to them although special emphasis must be placed upon the fact that 
the heads of the great surgical clinies were now eagerly encouraging investigative 
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work among their assistants and once the youngsters had done their work, they 
demanded a proper outlet. 


You are, as you see, the product of many genes and chromosomes, for at 
least you are supposed to represent the best educated and trained surgeons in 
our country. Although I was among those earliest interested in your formation 
and am desirous that you should hold a leading position, I have a strong dislike 
of one generation dictating policies to its successor, even father to son. However, 
I do hope you will maintain very strict qualifications for membership. Letting 
down the bans for admission is sure to damage your ability to influence American 
Surgery. Perhaps I am influenced by my own long training of six years before 
I became resident surgeon at the Peter Bent Brigham Hospital. In any ease, [ 
do not believe that full training as a surgeon can be hurried and by such train- 
ing I mean an individual who is at least able to conduct with safety and general 
excellence surgical procedures in any part of the body, although he need not 
claim great proficiency in but one field. It was my idea that a resident surgeon 
would be quite competent to run a large surgical service in the absence of his 
chief. 

But your future will not only deal with technical advances, for these often 
are the simplest of your responsibilities. In your hands also will repose respon- 
sibility for the numbers of doctors required by your country, the methods of 
nursing education that will supply the necessary number and quality of nurses 
for our whole people, and, for the moment, while so many of you are fresh from 
military service, in ways and means of securing a better organization for the 
medical defense of your country than now exists. This last mentioned task I 
have deliberately called medical defense since none of us can predict whether or 
not there will be a joint, merged medical service for the Armed Forees. At any 
rate, it must be organized from the viewpoint that total war involving equally 
civilians and the military personnel will begin with the first act of aggression, 
and with the understanding that the care of all the people then becomes a 
federal responsibility. 


Regarding the numbers of physicians and surgeons available to our people, 
it would appear that two tendencies are at work: (1) the fairly strict limitation 
placed on the number of graduates from our medieal schools, both by the failure 
of the present schools to enlarge our classes, a matter depending upon endow- 
ment and availability of teachers, and the rarity with which new schools are 
formed and (2) the natural increase in population (several millions during the 
war years) and the increased utilization of doctors not only by the publie at 
large itself but by government and industry. We must evaluate that the Veterans 
Administration alone has taken 5,000 doctors out of the practicing number of 
physicians and surgeons, and that industry is gradually caring for its own 
people and thus diminishing the number of physicians left for the population. 
Also, for the duration of the present crisis and for the care of our still enormous 
Armed Forees, several thousands of physicians and surgeons must be kept in 
that form of service.’ Surgeons in charge of academic posts or large clinies know 
that they have innumerable demands for young surgeons which they cannot fill 
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and many doctors are seriously overworked. Why should the doctor work sixty 
hours a week and the laborer forty? You must cogitate upon these matters and 
lend the weight of your united opinion as -to what is the best solution for your 
country. 

The nursing situation is even worse. Over the last twenty years the profes- 
sion of nursing, supported by idealistic and wealthy women, has sought for ever- 
increasing educational demands, more as a part of the emancipation of women 
than in relation to their responsibility for the care of the sick. What will 
obviously dictate the nurse in the future is what the public must have to care 
for the sick and it is time that the profession of medicine as a whole took up this 
problem and did not leave it entirely in the hands of nursing educators, for our 
responsibility is really for the care of the sick and we cannot set aside that im- 
portant fragment delegated to the nurse as if it now were something we could 
leave to others. Obviously, the five-year nurse with a degree is not going to 
nurse the sick public in his home. Someone must do this. And someone will do 
it, irrespective of what the nursing educators feel. Here is a major problem for 
your evenings. 

This partial recital of your responsibilities is given to whet your appetite. 
Undoubtedly these and other matters have long since claimed your energies and 
thoughts. Education and a conscience are rugged taskmasters, driving us, when 
most in need of rest, to new labors. And when the work is at its greatest, then 
you in turn must hand it on to your disciples. 

The list of titles to be presented in your three-day meeting here bears 


strongest testimony to your accomplishments. On your shoulders will shortly 
fall the mantle of American Surgery. We who are so jealous of your preroga- 
tives and position know the future of our art and science is quite safe in your 
hands. 





DOES MEDICAL INSURANCE ENDANGER THE RESIDENT 
SYSTEM OF TRAINING SURGEONS? 


HERMAN E. Pearse, M.D., Rocuester, N. Y. 
(From the Department of Surgery, University of Rochester School of Medicine, and Strong 
Memorial Hospital) 


URING the last decade we have seen a steady decline in the number of ward 

patients available for treatment by residents in surgery. This decline 
reached a climax during the inflationary period of the war, but began during 
the depression. It now coincides with an increase in applicants for residencies 
due to the advice of the American Board of Surgery that resident training is 
preferable for certification. This creates the conflicting situation of more appli- 
eants than ever before, with fewer patients available for their training. 

The decrease in the admissions to the wards and coincident increase in semi- 
private and private patients is of such vital concern to the teachers of surgery 
that it warrants careful consideration. It was decided to study the possible 
causes for this in the Strong Memorial Hospital, which is fairly typical of many 
teaching hospitals in this country. 

The Medical School of the University of Rochester has three affiliated hospi- 
tals: the Strong Memorial Hospital, which it owns, the Rochester Municipal 
Hospital, which it operates under contract with the city, and the Genesee Hospi- 
tal, with which it is associated by agreement. The Strong Memorial Hospital is 
the only one of these that is designed, constructed, and operated purely as a 
teaching hospital. It began with 193 eclinie beds arranged largely in four-bed 
cubicles, and 30 semiprivate and private beds. The patients were cared for by 
a small, full-time staff, as were those in the 282 beds of the Rochester Municipal 
Hospital, which is an integral part of the medical school unit. This gave a total 
of 475 ward beds available for resident training. 

In 1931 a floor of 14 private rooms was opened in the Strong Memorial 
Hospital. In 1934 semiprivate patients were admitted to the four-bed cubicles 
previously occupied only by clinic patients. These were used for teaching, but 
the attending physician became responsible for the care. In surgical cases 
this meant that the attending rather than the resident surgeon did the operation. 
In 1941 a private wing was completed, and 60 of its 120 beds were opened. 

The admissions were tabulated from 1934, the year when semiprivate patients 
were admitted to the wards, up through 1945. The result is charted in Fig. 1, 
where it is seen that the ward patients dropped from 68 to 17 per cent, with 
a corresponding increase of semiprivate and private patients from 32 per cent in 
1934 to 83 per cent in 1945. During this time the census of the Rochester 
Municipal Hospital declined somewhat, and the character of the work changed, 
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with fewer acute disorders in the younger age groups to more chronie diseases 
in the older age groups. It was found that in other general hospitals in this 
community the same shrinkage in the ward- admissions had occurfd. Conversa- 
tions with surgeons in other cities revealed that this trend was widespread. 

The three explanations which were considered as possible causes of this 
decline of ward and increase of private patients were: increased national in- 
come from a war boom, change in financial relation of the teaching staff to the 
medical school, and growth of medical insurance. In Fig. 1 the national ineome* 
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Fig. 1.—The per cent of private patients admitted to the Strong Memorial Hospital from 
1934 to i945 is charted in black. It is seen that the growth of hospital insurance correlates 
better than does the national income with this increase in private patients. 


in billions of dollars, corrected for relief payments, is charted. This curve fol- 
lows that of the private patients for the first four years, but then ceases to cor- 
relate with it. It appears significant that the decline of ward patient census 
started in the depression. This makes it appear probable that a more profound, 
long-range change is responsible. It is unlikely that the end of the inflationary 
war prices or another depression will correct the condition, although it is granted 
that these may modify it. 

During the period studied changes were made in the financial relations of 
the attending staff to the medical school. Some feel that this had influence, and 


*Obtained from the Statistical Abstract of the United States. 
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it is mentioned here only for that reason. Obviously, this could not affect a 
comparable trend in other hospitals in this community, nor those in other cities. 
The clinical departments of the medical school began in 1926 with small full- 
time staffs. The depression, with its loss of return from endowment, made it 
difficult to enlarge the clinical staff on a full-time basis. In 1932, full-time 
clinicians were permitted to amplify their income from patients’ fees according 
to the method suggested by Halsted* and often called the Harvard system. 
Others became part time but retained ‘‘geographie full time.’’ 

This introduced private practice and the need for private and semiprivate 
beds to support the staff in the teaching hospital. Whether or not it affected the 
trend of increase in private patients at the expense of the wards cannot be 
evaluated. It coincided with other economic factors that flowed in the same 
direction. 

Hospital insuranee began in Rochester in 1935 with 20,500 subscribers, and 
grew steadily until it had enrolled 266,000 members in 1945. This is plotted in 
Fig. 1 on a percentage of the population of the city, and corrected, as well as pos- 
sible, for out-of-town contracts. It is the only statistical comparison that could 
be used to demonstrate the growth of ‘‘medical insurance’’ factors. There are 
others less susceptible to analysis. The state of New York, during this period, has 
increased state aid for crippled children, converting many paticnts with con- 
genital or acquired deformities into the semiprivate group. Maternity benefits 
derived from state or national sources have done the same. Workmen’s com- 
pensation has broadened its coverage, and all these patients are semiprivate. The 
Veterans’ Bureau provides hospitalization for emerg:ney cases or service-con- 
nected disability in private hospitals on a semiprivate basis. If dependents are 
added, then between 30 and 40 million people will be affected. 

The steady growth of hospital insurance in Rochester has resulted in 75 
per cent of the population being enrolled. These contracts provide for semi- 
private care, and have been the greatest single factor in the conversion of ward 
to private patients. Elimination of hospital costs leads many people to have 
their own doctor and pay his fee. There has been a less extensive but equally 
steady growth of hospital insurance in the nation, so that at present Blue Cross 
coverage is provided for 24,000,000 people. Medical indemnity or care con- 
tracts are held by 4,000,000 people. Large industries are providing hospital 
and medical contracts to their employees as a condition of employment. Finally, 
agitation is heard for compulsory health insurance. If this is enacted, there will 
no longer be any ward patients. 

How can we continue to train surgeons under these circumstances? The 
resident system provides, after five or six years’ probationary training under 
supervision, a period of at least one year when the resident is largely responsible 
for the operations done on the clinic patients. This is the crux of the method, 
for without it confidence, judgment, and technical skill are difficult to acquire. 
The resident in medicine or pediatrics may be trained on private patients, but 

*“There is, however, a cemmrontios which even at present (1904) is altogether feasible. 
Let the surgeon be permitted to accept remuneration for services to certain patients operated 
upon in the hospital which the University provides or controls. His consultations and operations 


should all take place at the hospital.’”’ Halsted, W. S.: The Training of the Surgeon, Johns 
Hopkins Hosp. Bull. 15: 267, 1904. 
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in surgery, gynecology, and obstetrics the technical procedure of operation or 
delivery is the focus of the management. The resident in surgery must have 
clinic patients if he is to be adequately trained. He ean be carried far, but never 
finished, if private patients only are available. The assumption that medical 
insurance is socially and economically sound leads to the belief that its influence 
will increase, and so our clinic patients will further decrease. 

It would be possible to train surgeons by resorting to the preceptorial method 
of assistantship. This time-honored means is adequate, but never accomplished 
the results of the resident system. Occasionally private patients may be op- 
erated upon by the resident staff, but unless this is done with the patient’s 
knowledge and consent it is dishonest. Such a haphazard arrangement cannot be 
used as a basis for a training program. The final solution is to change the method 
of practice in teaching institutions so that patients come to the hospital or elinie 
rather than to the individual surgeon. This requires the entire staff, junior and 
senior, to be full time, salaried, and practicing as a group. Responsibility for 
‘are is then delegated on a basis of medical need rather than financial standing. 
This method has been tried in one medical school, and has not only permitted 
the care of private patients by the resident staff, but also has allowed the restora- 
tion of full time without prohibitive expense to the University. Such a change 
has disadvantages, but the time may come in the not too distant future when 
the surgical teacher must choose between the present method of individual prac- 
tice and the resident system of training surgeons. It appears doubtful that he 
ean retain both. 











SURGICAL MANAGEMENT OF LARGE DEFECTS OF THE 
THORACIC WALL 


Herpert C. Mater, M.D., New Yor, N. Y. 


ARGE defects in the thoracic wall may result from the radical resection of 
tumors, from areas of radiation necrosis, and from trauma. Although 
the chest wall may be extensively involved by infection, destruction of the 
entire thickness over a large area is uncommon. If the loss of tissue of the 
thoracic wall involves only the skin, subcutaneous tissues, and extrathoracic 
muscles, the principles of management are similar to those followed when 
treating defects in other portions of the body. When the bony or cartilaginous 
structures are destroyed or removed over a considerable area, other problems 
peculiar to the thoracic cage are encountered. If the defect extends into the 
pleural cavity, the problem of an open pneumothorax must also be met. 

The resection of several ribs, cartilages, or a large segment of the sternum 
deprives that portion of the chest wall of its normal stability and results in 
paradoxical motion. The degree of abnormal mobility on respiration will vary 
with the location and extent of the defect, and will also be influenced by the 
thickness of the soft tissues, and other factors such as the presence of pul- 
monary emphysema. If the resection of the lesion of the chest wall requires 
the sacrifice of the parietal pleura, a flap of tissue must be made available for 
an airtight closure of the opening. Skin grafting alone would obviously be 
inadequate in such eases. 

Loeal recurrence of carcinoma following radical mastectomy for cancer 
of the breast may merit surgical excision if there are no evident distant metas- 
tases. The value of such secondary operations is considerably enhaneed if the 
procedure is of a radical type. Often the entire thickness of the thoracie wall 
from the skin to, and including, the parietal pleura should be excised. If the 
surgeon compromises in the extent of the excision in order to avoid a large defect 
or opening into the pleura, less satisfactory results will be obtained. When 
the resection ineludes the cartilages, ribs, intercostal structures, and parietal 
pleura, a flap of skin and subcutaneous tissues down to the deep fascia should 
be mobilized from adjacent areas and swung over the defect as a pedicle flap. 
Since the tissues in the region of the previous mastectomy wound are rather 
fixed and somewhat fibrotic, this pedicle flap should be fashioned from tissue 
which was not in the field of the original mastectomy operation. A flap for 
the central part of the thoracic wall may be obtained by mobilizing the tissues 
forming the medial portion of the opposite breast. The tissue of the anterior 
abdominal wall, with a pedicle laterally, may be utilized for defects in the 
lower anterior thoracic region and pediele flaps from the axillary region may 
be used for the closure of defects in the lateral portion of the thoracie wall. 

If intensive radiation therapy followed the original radical mastectomy, 
the situation is more complicated. None of the irradiated tissue can be satis- 
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factorily employed for a pedicle flap and much tissue may have to be excised 
in order to permit a flap of normal tissue to be swung into the site of the 
operative defect. 


Additional difficulties may arise when extensive radiation necrosis of the 
thoracic wall has occurred. Under such circumstances devitalized tissue forms 
the bed of the large ulceration. Portions of cartilage denuded of perichon- 
drium, and ribs denuded of periosteum, may project into the wound. Necrotie 


Fig. 1.—Large carcinoma in area of severe radiation dermatitis following radical mas- 
tectomy. The tumor was ulcerated and foul smelling and it extended through almost the en- 
tire thickness of the thoracic wall. The heavily irradiated skin began to ulcerate over ten 
years after radiation therapy had been given. 
fascia and tendinous structures may slough over a long period of time (Figs. 
5 and 6). In some cases the radiation necrosis extends through the parietal 
pleura and may result in a collapse of the lung with pneumothorax or em- 
pyema, or may lead to direct ulceration into the lung with destruction of 
pulmonary tissue and the development of a bronchial fistula. Since the under- 
iying lung is also the seat of radiation pneumonitis and fibrosis, healing and 
resistance to infection is impaired. When the radiation effect has reached a 
degree which prevents healthy red granulations forming in an ulcerated area, 
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attempts to improve the situation by merely resecting the obviously devital- 
ized tissue or sequestrating bone or cartilage are often disappointing. The 
necrosis may extend following such a procedure. The area of radiation is 
usually too large to permit the resection to be carried into the healthy, un- 
irradiated tissue at the margins. Moreover, the effect of the irradiation ex- 
tending through the entire depth of the tissues eliminates the prospect of 
obtaining a supply of healthy granulations from the depths of the wound. 


Fig. 2.—Same patient as shown in Fig. 1, photograph taken at time of operation. Pa- 
tient’s head is at the right. The entire thickness of the thoracic wall, including the parietal 
pleura, was removed in one piece. The resection extended from the mid-portion of the body of 
the sternum to the anterior axillary region, and from the second to the seventh interspace. 
The pericardium is widely exposed and a small portion of the collapsed left lung is visible. 


The procedure which has been most successful in managing such large 
irradiation defects of the chest wall has been, first, to improve the wound as 
much as possible by careful frequent dressings and local application of anti- 
bioties and, second, to excise the dead tissue and at the same operative pro- 
cedure to swing in a flap of tissue large enough to cover the entire defect 
without tension (Figs. 3 and 4). This flap must not contain any irradiated 
tissue or tissue whose blood supply is otherwise impaired. If the defect or 
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Fig. 3. 


Fig. 4. 


Fig. 3.—Photograph of same patient as shown in Figs. 1 and 2, taken after the right 
breast and skin of the right upper quadrant had been mobilized and swung over the defect on 
the left side of the thorax. Patient’s head is at the right, and the view is toward the left 
axilla. Skin showing radiation reaction is visible in the posterior portion of the axillary 
region. This tissue, however, was free of tumor. 


Fig. 4.—Photograph of same patient shown in Figs. 1, 2, and 3. This photograph was 
taken from the opposite side, and patient’s head is at the left; the camera was directed at the 
right axillary region. Note that the incision had extended up toward the axilla and that there 
is another incision which extended down toward the lumbar region which was employed in 
order to mobilize additional flaps for closure. There was no loss of any portion of the flap in 
the postoperative period. 
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excision of the chest wall has extended into a free pleural space, it is manda- 
tory to suture the flap in place and close the entire wound without drainage 
to avoid a sucking chest wall wound. The collapsed lung is immediately ex- 
panded by removing the residual air through a catheter, which is then with- 
drawn. If the pleural space has not been entered, a drainage tube to evacuate 
serum under the flap may be desirable. The local and systemic use of anti- 
bioties is most important in aiding the healing of such a flap placed over un- 
healthy irradiated tissue in the presence of marked contamination or gross 
infection. If the flaps have an excellent blood supply and are not under 
tension, surprisingly good results may be obtained. Flaps fashioned from the 
breast on the opposite side have been most satisfactory in closing such large 
defects (Fig. 7). 

When a malignant tumor causes extensive involvement of the chest wall 
requiring the sacrifice of all of the tissue from the skin to the parietal pleura, 
a large defect results which requires immediate airtight closure so that no 
opening into the pleural space remains, and so that the lung ean be immedi- 
ately re-expanded (Fig. 2). In one of my eases a cancer had developed 
secondary to radiation dermatitis following mastectomy (Fig. 1). Thus, a 
further difficulty arose because of the irradiation changes in the adjacent 
tissues in the axillary region, lateral thoracic region, and even extending to 
the upper abdominal area. Under such circumstances the only tissue avail- 
able which is not irradiated is that on the opposite side of the body, and here 
particularly the breast of the opposite side is most satisfactory. 

The majority of the cases of defects of the thoracic wall that I have en- 
countered have been in women because carcinoma of the breast has been the 
most common lesion which eventually resulted, either directly or indirectly, 
in the sacrifice of portions of the chest wail. Therefore, the remaining breast 
on the opposite side has been frequently the most satisfactory source of a flap 
for closure of the defect. By mobilizing the breast completely at its lower 
margin, and to a considerable extent along both the axillary and medial 
borders, the breast can be displaced considerably and yet maintain an excel- 
lent blood supply through its upper and axillary attachment (Fig. 3). The 
defect created by the displacement of the breast toward the opposite side of 
the anterior chest wall can readily be closed without tension by mobilization 
of the subcutaneous tissue in the lower axillary and upper abdominal areas. 
An additional incision may be required for permitting a satisfactory advane- 
ing of these latter flaps (Fig. 4). 

When it is planned to utilize the opposite breast to cover a large defect 
of the anterior thoracic wall, the type of incision recommended will depend on 
the size of the breast. If little mammary tissue and fat are present, the breast 
will cover little more than an area corresponding with its dimensions. If a 
pendulous breast is present, incisions can be made so as to spread the breast 
tissue out over a large area. In either case the essential principles are to make 
a curved incision from the lower, medial aspect of the defect caudad to the 
opposite breast, extending laterally to the anterior axillary line where it 
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curves up in the direction of the anterior fold of the axilla. The distance that 
the incision is carried up toward the axilla varies with the degree of mobiliza- 
tion required. The incision is deepened throughout down to the fascia cover- 
ing the extrathoracic muscles. The pectoralis major will form almost the 
entire base of the wound. The breast is freed from the pectoral fascia by 
eombined sharp and blunt dissection. Care is taken not to interrupt need- 
lessly any blood vessels. When adequate mobilization has almost been ob- 
tained, division of additional blood vessels can usually be avoided if blunt 


_ Fig. 5.—Photograph shows area of radiation necrosis following intensive radiation and 
radical mastectomy. Note the large, pendulous breast on the opposite side which was later 
used for plastic closure. 


dissection with freeing of vessels without division is employed. It is equally 
important, however, to free the flap sufficiently to avoid any tension when the 
suturing is done later. The breast will have to be mobilized to some extent 
along its medial border and some of the perforating branches from the in- 
ternal mammary vessels will require ligation. 

If the defect to be closed extends to the anterior axillary line, and the 
breast of the opposite side is small and flat, the incision should be curved 
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Fig. 7. 


Fig. 6.—Same patient as shown in Fig. 5, six months later. There is now further ne- 
crosis of the chest wall. Ends of ribs project into the defect aad a portion of lung is ex- 
posed in the depths of the wound. A bronchial fistula is present. The lesion had progressed 
further than illustrated in this photograph when radical surgical intervention was undertaken. 

Fig. 7.—Same patient as shown in Figs. 5 and 6. The necrotic tissue was excised. Ul- 
cerated lung and parietal pleura formed part of the base of the wound. The pendulous oppo- 
site breast was utilized to close the entire defect. Primary healing occurred. 
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down over the upper part of the abdomen so that an adequate-sized flap is 
obtained (Figs. 3 and 4). In such a case the skin of the upper abdomen will 
be eventually placed in the axillary regicn of the opposite side. When the 
breast is pendulous, the incision should be made in the inframammary fold. 
A secondary incision at right angles to the inframammary one is made in the 
nipple line from the lower aspect of the areola to the inframammary incision, 
thereby transecting the middle of the lower half of the breast. This pro- 
cedure will permit the pendulous breast to be spread over a considerable area 
(Fig. 7). The outer portion of the breast will cover the ipsilateral anterior 
chest wall while the medial half of the breast is utilized to close the defect on 
the contralateral side. The lower medial quadrant of a pendulous breast may, 
under favorable circumstances, be brought without tension as far as the mid- 
axillary line of the opposite side. In such a ease the nipple may then be 
located near the midline in the region of the xyphoid (Fig. 7). I have not 
removed the nipple in order to avoid as much as possible all unnecessary inter- 
ference with blood supply. If it were desired to improve the cosmetic result, 
this might best be done perhaps at a later date. 

Resection of a tumor of the chest wall often requires removal of the ribs, 
intercostal structures, and parietal pleura en masse over a considerable area. 
If the skin and subeutaneous tissues can be preserved, the skin incision should 
be so planned that it will not overlie the central or weakest portion of the 
wound. If the extrathoracic muscles ean be spared, the incision through the 
muscles should also be so placed that it does not underlie the skin incision. 
A staggered layer closure is advantageous. A flap of fascia lata should be 
sutured into the defect in the chest wall as advocated by Watson and James.® 
The fascia is attached to the parietal pleura at the edges of the defect. It can 
be utilized whether or not the parietal pleura is removed, but this is not neces- 
sary when the periosteum of the ribs remains. When all tissue from which 
bony regeneration might occur has been removed, the employment of fascia 
lata in the defect diminishes the degree of abnormal mobility of the chest wall. 
When several ribs are resected, it may occasionally be feasible to preserve a 
strip of the periosteum of the rib at the outer margin of the resection. The 
periosteum is divided parallel with the rib margins and a subperiosteal resec- 
tion of the edge of the rib away from the tumor is performed. The periosteum 
is later again divided on the inner aspect of the rib. By this maneuver a portion 
of the periosteum is preserved although the rib is resected with the periosteum 
attached on the side of the tumor. This procedure should not be employed if it 
interferes with removal of the thoracic wall lesion by a safe margin. 

Any repair of the thoracic wall which does not employ bony structures or 
periosteum from which bone can regenerate fails to give an ideal result. Perma- 
nent paradoxical motion with respiration, and bulging on coughing or straining 
may be noted. Therefore, whenever possible, periosteum or segments of rib 
or cartilage should be used in the closure of the defect. The employment of a 
foreign body such as tantalum plate has been unsatisfactory because proper 
anchorage and imbedding has not proved feasible. It is difficult to immobilize 
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the metal plate in a moving chest wall. In a discussion of hernia of the lung, 
Maurer and Blades’ reported that the best result in closure of a defect of the 
chest wall is obtained by using rib, periosteum, and muscle. They found that 
the most satisfactory repair of average-sized defects was obtained by using a 
periosteal flap developed from ribs immediately above and below the margin 
of the hernial orifice. In some cases ribs at the margin of the defect were cut 
tangentially and then displaced upward or downward and fixed to the rib 
stump of an adjacent partly resected rib. These displaced ribs helped to 
narrow the defect, and the periosteum from these ribs could be sutured to one 
another to further lessen the space. These maneuvers could not be employed 
in some of the huge defects that we have encountered, and in such eases one 
must be content with a closure which does not have the stability of the normal 
thoracic cage. If a large defect of the entire thickness of the thoracie wall is 
present, combined with an empyema, a combination of thoracoplasty and the 
use of a full thickness flap of the chest wall may be employed as in the case 
reported by Prioleau.2 He closed a defeet over the precordium by making 
an intercostal incision through the full thickness of the chest wall lateral to 
the defect at its upper and lower margins. Because the paravertebral portion 
of the ribs of this area had previously been removed subperiosteally, it was 
possible to slide this full thickness flap over the precordium and hold it in 
place by sutures to the sternum. Because such a flap contains periosteum, 
later bone regeneration can occur and the chest wall may therefore become 
firm in contrast to the flaccidity of the chest wall resulting when only a flap 
of soft tissue is employed. 

The result of the closure of large defects of the thoracic wall by utilizing 
the tissues of the opposite side of the anterior thoracic wall has been so satis- 
factory that it has seemed to me that the method might be employed more 
widely in patients with much less extensive defects in the thoracie wall. 

Following radical mastectomy for carcinoma o. the female mammary 
gland, defects of varying size in the skin and subcutaneous tissues of the 
anterior thoracic wall may oceur. Skin grafts are usually employed to cover 
the residual defect. The results in general are very satisfactory. If the car- 
cinoma is located near the inner margin of the breast, the area requiring skin 
grafting may overlie the costal cartilages. In this type of case costal chon- 
dritis occasionally develops because of an incomplete take of the graft and 
denuding of the eartilage of its perichondrium. An alternative method to 
skin grafting is the mobilization of the skin and subcutaneous tissues across 
the sternum and, to some extent, along the mesial portion of the opposite 
pectoral muscle which may enable such a wound to be closed without tension 
and without grafting. The degree to which this undermining can be carried 
out without danger of impairing the blood supply to the skin margin depends 
on how close the dissection is carried to the skin in the performance of the 
radical mastectomy. Resection of the chest wall combined with radical mast- 
ectomy may be indicated in some cases in which the carcinoma of the breast 
is fixed to the deep tissues. 
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SUMMARY 


The problems encountered in the management of large defects of the 
thoracie wall are discussed. Methods of: improving the stability of the chest 
wall in the presence of such defects are reviewed. The utilization of the 
opposite breast for the closure of these large wounds which may be associ- 
ated with much loss of tissue and large openings into the pleural cavity is 


illustrated. 
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OLLOWING total pneumonectomy there are two commonly used methods of 
dealing with the empty pleural cavity. When drainage of the cavity becomes 
necessary because of infection, a thoracoplasty must be done to obliterate the 
empyema cavity. The lateral chest wall is made to fall in and approach the 
mediastinal position (Fig. 1). If the chest wall is closed without drainage in the 
absence of infection, the pleural cavity gradually becomes filled with serum. 
Over a period of time the serum either is absorbed or clots and contracts. As the 
contraction of the clot oceurs, the mediastinum is pulled over to approach the 
position of the lateral chest wall. This results in considerable overdistention of 
the remaining lung, a condition referred to as ‘‘compensatory’’ emphysema 
(Figs. 2 and 3). 

It has been our impression that those patients who were so unfortunate as 
to develop infection and thus required a thoracoplasty had a better end result 
on the whole than those patients who did not have a thoracoplasty and thus 
developed ‘‘compensatory’’ emphysema of the remaining lung. Cournand and 
Berry’ have shown that this is a ‘‘eompensatory’’ emphysema in an anatomic 
sense only and not in a physiologic sense, for they have demonstrated that such 
a lung does not function as well as a lung of normal size. They found that both 
in children? and in adults’ the exercise tolerance was greater in those patients in 
whom averdistention of the lung was prevented by thoracoplasty. It would seem, 
therefore, that an elective thoracoplasty should be done routinely following 
pneumonectomy in order to maintain the greatest pulmonary efficiency. 

On the other hand, it is known that patients usually get along fairly well 
with this emphysema of the remaining lung even though their activity may be 
somewhat curtailed. The thoracic surgeon hesitates to suggest a major pro- 
cedure, such as an elective thoracoplasty, following pneumonectomy, if it can 
be avoided. This is especially true of the patient operated upon for malignancy, 
whose life expectaney may not be great in any event. We have not recommended 
elective thoracoplasty in such circumstances but have decided to recommend it 
to the patients operated upon for benign lesions who, in our opinion, had a long 
life expectancy. However, for one reason or another we have found that more 
often than not we failed to do the elective thoracoplasty, a circumstance which 
we realize is not in accord with our best physiologie judgment. 
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It seemed desirable to attempt to prevent overdistention of the remaining 
lung by some means simpler than a thoracoplasty. Preliminary experiments 
with the use of a noneompressible prosthesis to fill the pleural cavity following 
pneumonectomy indicate that this may be a satisfactory method of dealing with 
the problem. 


Fig. 1.—One year following right pneumonectomy and thoracoplasty in a 54-year-old 
man for carcinoma of the lung. The mediastinum is maintained near the midline and severe 
overdistention of the remaining lung is avoided. 


In searching for prosthetic material to serve as a space-taking object in the 
pleural cavity we have considered oils, metals, and plastics. It is apparent that 
the ideal material should fulfill certain requirements: (1) It should be able to 
conform approximately to the size and shape of any pleural cavity; (2) it should 
not increase the incidence of infection; (3) it shouid cause little or no foreign 
body reaction in the tissues so that it would become encapsulated; (4) in the 
event of infection it should be easily removable through a small opening in the 
chest wall, and (5) it should be light in weight. 


Some type of oil or paraffin would seem to be ideal except that these hydro- 
carbons may cause considerable tissue reaction. Oleothorax in the collapse 
therapy of tuberculosis has never been popular because of the unpredictable 
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irritation of the pleura, with large effusions which occur in certain individuals. 
Likewise, paraffin has never been entirely satisfactory as a space-taking material 
to fill the cavity of an extrapleural pneumothorax. Nevertheless, oil has been 
used in at least one patient for the specific purpose of preventing mediastinal 
shift following pneumonectomy.’ 


Fig. 4.—A dog two months following left penumonectomy without the use of a prosthesis. 
The mediastinum is over against the left side of the chest wall and the overdistended right 
lung fills the lower part of the left side of the chest cavity. 

The metals which have been used extensively and which have been shown 
to cause little or no reaction in the tissues are stainless steel and tantalum. 
Zirconium* is a similar metal which has recently become available to us for ex- 
perimental purposes. Bates,* working in this laboratory, has shown that it causes 
no more tissue reaction than stainless steel and tantalum when used for suture 
material or for the repair of cranial defects. We have investigated the reaction 
of the pleura to zirconium when it has been used as a noncompressible prosthesis. 

The plastic in which we have become interested is methyl methacrylate 
(Lucite) an aerylie resin which has been shown to produce little or no reaction 
in tissues.*.> Wilson and Baker® have studied its effect on the extrapleural 
and pleural tissues of laboratory animals and have found only minimal tissue 
reaction. They have used hollow balls made of this material to fill the extra- 


*The zirconium prostheses used in these experiments were furnished by the Foote Min- 
eral Co., Philadelphia, Pa. 
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pleural cavity following extrapleural pneumonolysis in the treatment of pa- 
tients with pulmonary tuberculosis.’ It would seem that the use of noncom- 
pressible balls might be a satisfactory answer to the problems of a material 
that would fill a eavity of any size and shape. 


EXPERIMENTS 


Total pneumonectomies were done on dogs. In those in which no prosthesis 
was used the heart and mediastinum were soon pulled over toward the lateral 
chest wall, thereby producing considerable overdistention of the remaining lung. 
Fig. 4 shows a dog’s chest roentgenogram six weeks after a left pneumonectomy. 


Fig. 5.—A dog sacrificed three months following left pneumonectomy without the use of 
a prosthesis. The overdistention of the right lung was apparent. The left pleural cavity was 
collapsed. The heart and mediastinum were over against the left side of the chest wall. The 
lower part of the right lung was over against the left side of the chest wall. 
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The mediastinum is shifted and the right lung comes over to the left side of the 
chest wall in the lower part of the thorax. This is more marked than in man 
because of the dog’s thin mediastinum. When such a dog was sacrificed after 
three months, the right lung was found to be greatly overdistended and the left 
pleural cavity was found to be empty and collapsed (Fig. 5). The pleural sur- 
faces appeared to be grossly normal. Microscopically the tissues were practically 


normal (Fig. 10, A). 


B. 
: Fig. 6.—A, Dog four months following left pneumonectomy with the introduction of a 
zirconium prosthesis. The mediastinum is maintained near the midline, and the right lung is 


not overdistended. B, When the roentgenogram was taken with the dog in the erect (human) 
Position, the prosthesis changed considerably in position. 


A zireonium prosthesis was placed in the pleural cavity following pneu- 
monectomy in each of four dogs. The prosthesis was an airtight hollow box 
10 by 6 by 3.5 em. In twelve dogs the pleural cavity following pneumonectomy 
was filled with one-inch hollow balls of methyl methacrylate (lucite).* In closing 
the chest as much air was removed as possible and 100,000 units of penicillin were 
placed in the pleural cavity. The following day any excess fluid was removed 
from the pleural cavity by thoracentesis and an additional 100,000 units of peni- 
cillin were injected. Thoracentesis was not done thereafter. In no instance did 


*The Lucite balls used in these experiments were obtained from the Nichol Product Co., 
Moorestown, N. J. 
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infection occur. Three of the sixteen dogs died three weeks or more following 
operation. In none of these did the pneumonectomy or the presence of the 
prosthesis appear to be the cause of death. Other dogs were sacrificed at varying 
intervals to observe the reaction of the pleura. 


RESULTS AND COMMENTS 


The zirconium prosthesis obviously was not of the size and shape of the 
pleural cavity, but it did occupy space and thereby prevented the shift of the 
mediastinum and overdistention of the remaining lung (Fig. 6, 4). The longest 
interval at which a dog was sacrificed following operation was four months. 


Fig. 7.—A dog sacrificed four months following left pneumonectomy with the introduc- 
tion of a zirconium prosthesis. The right lung was not overdistended. The prosthesis was 
free in the pleural cavity, and there were 60.0 c.c. of fluid around it. There was moderate 
inflammatory reaction and thickening of the tissue around the prosthesis. 
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The prosthesis lay free in the pleural cavity (Fig. 7). There were about 60.0 c.e. 
of fluid present. There was a moderate inflammatory reaction of the parietal 
pleura, with some thickening of the structures surrounding the prosthesis to gross 
inspection. There was considerable evidence of inflammation on microscopic 
section (Fig. 10, C). 

While the zirconium prosthesis caused considerable reaction in the pleura, 
it was tolerated in the pleural cavity for four months and might well have been 
tolerated indefinitely. However, a solitary prosthesis made of metal would not 
be practical because of the difficulty of obtaining the correct size and shape for 
individual patients. Moreover, if its removal should become necessary because 


Fig. 9.—A dog sacrificed two months after left pneumonectomy and introduction of 
twenty-four one-inch lucite balls into the pleural cavity. The right lung was not overdis- 
tended. There was just enough fluid present to fill the space between the balls (35.0 c.c.). 
There was minimal reaction of the pleura. 














Fig. 10. (For legend see opposite page.) 
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of infection, this could not be accomplished threugh a small drainage opening. 
The weight of the zirconium prosthesis would also be a problem, as the prosthesis 
changed considerably in position as the dog changed from the prone to the erect 
position (Fig. 6). Perhaps the motion in part may have been responsible for 
the irritation of the pleura. 

When the hollow balls of methyl methacrylate were used as the prosthesis, 
they distributed themselves evenly throughout the pleural cavity and effectively 
prevented mediastinal shift and overdistention of the remaining lung (Fig. 8, A, 
B, and C). To date the longest interval following operation that one of these 
dogs has been sacrificed is two months. The balls were free in the pleural cavity 
(Fig. 9). There was no more fluid than was necessary to occupy the space be- 
tween the balls (35.0 ¢.c.).. There was minimal reaction of the pleura. This was 
considerably less than with zirconium and consisted chiefly of fibroblastic pro- 
liferation with minimal round-cell infiltration in some areas (Fig. 10, A, B, and 
C). 

These dogs have not been studied long enough, so that this must of necessity 
be a preliminary report. Nevertheless, our observations to date indicate that 
there has been a minimal reaction of the pleura to methyl methacrylate balls and 
that these balls are effective as a prosthesis in the pleural cavity in preventing 
mediastinal shift. These observations, in addition to those of Wilson and 
Baker,® 7 who used similar material in the extrapleural cavities, strongly suggest 
that this material will prove to be a satisfactory prosthesis for use in the pleural 
cavity of man to prevent overdistention of the remaining lung following 
pneumonectomy. The use of multiple balls would seem to be the ideal way of 
dealing with pleural cavities of various sizes and shapes. 


SUMMARY 


1. Clinieal experience and the experimental work of Cournand and his 
associates indicate that it would be desirable to prevent mediastinal shift follow- 
ing pneumonectomy and thus avoid overdistention of the remaining lung. This 
ean be accomplished by an extensive thoracoplasty. In the presence of infection 
the thoracoplasty must be done. In the absence of infection it is desirable to 
have some method less extensive than a thoracoplasty whereby overdistention 


of the remaining lung can be prevented. 

2. It is suggested that a noncompressible prosthesis may be introduced into 
the pleural cavity at the time of pneumonectomy as a means of preventing post- 
operative mediastinal shift and overdistention of the remaining lung. 

3. Two types of prostheses have been studied in the dog: (a) a solitary 
large hollow metal prosthesis of zirconium and (b) multiple small hollow plastic 
balls of methyl methacrylate (lucite). 












Fig. 10.—Microscopic sections of the parietal pleura. A, Three months after pneu- 
monectomy when no prosthesis was used, the pleura appeared grossly normal. Micro- 
scovically this represents a relatively normal pleura. B, Four months after pneumonectomy 
and introduction of a zirconium prosthesis. Grossly there was considerable thickening of the 
surrounding tissues. Microscopically there is considerable inflammatory reaction with infiltra- 
tion of round cells and polymorphonuclear leucocytes. C0, Two months after pneumonectomy 
and introduction of lucite balls as a prosthesis. Grossly there was minimal thickening of the 
surrounding tissues. Microscopically there is some edema and fibroblastic proliferation. 
There is minimal round-cell infiltration in some areas. (330.) 
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4. The studies made indicate that hollow balls of methyl methacrylate 
(lucite) make a satisfactory filling material to place in the pleural cavity follow- 
ing pheumonectomy. They cause minimal reaction in the pleura and offer a 
convenient means of filling pleural cavities of various sizes. 
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HE perfection of transthoracic gastroesophagostomy, a procedure used 

following the resection of the lower half of the esophagus, has provided 
many patients afflicted with obstructive lesions in the esophagus with a satis- 
factory passage of food into the stomach. This operation may be accomplished 
even in those instances when the esophageal lesion is situated rather high in 
the esophagus. In certain cases of carcinoma of the esophagus, gastroesopha- 
gostomy has given excellent results as reported by Garlock,” ? Phemister,® and 
others. However, there are instances in which the lesion is situated so high 
in the esophagus that the stomach cannot be brought up into the chest to 
accomplish a safe anastomosis with the upper esophageal segment. This intra- 
thoracic anastomosis may also be undesirable in certain cases of acquired 
strictures of the esophagus. Since total esophagectomy is a shorter surgical 
procedure than a gastroesophagostomy, the condition of the patient during 
operation may force the surgeon to select the shorter procedure. It therefore 
appears that a number of conditions may arise necessitating the construction 
of an antethoracie esophagus. 

Our previous experiences with the use of skin transplants for the con- 
struction of an artificial esophagus convinced us that such a procedure was 
lengthy and almost never free of fistulous formation. The lumen of such skin 
tubes often became obstructed because of stenosis and the growth of hair on 
the inside of the tube. 

Our first opportunity to use the jejunum in the construction of an ante- 
thoracic esophagus came in 1940. This occurred in connection with a patient, 
a man 46 years of age, who presented a typical history of esophageal obstruc- 
tion. Esophogasecopy and biopsy revealed a squamous-cell carcinoma of the 
esophagus. At operation, performed in November, 1939, the entire thoracic 
esophagus was removed. The operation was terminated by a cervical esopha- 
gostomy and a gastrostomy for feeding. One year later (1940), a segment of 
jejunum was used to construct an antethoracic esophagus. While the patient 
was being prepared for the second stage of this operation, early signs of cord 
paralysis were discovered and further operative procedures were abandoned. 
However, this experience led us to believe that the jejunum could be used 
satisfactorily for the construction of an external esophagus. 

During the past six years we were unable to do the transthoracic gastro- 
esophagostomy on two patients because the stomach could not be brought 
sufficiently high up into the chest to accomplish a safe anastomosis. Seven 
transthoracic anastomoses were performed with good results in six cases. One 
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patient died from a gastric fistula which developed from devascularization of 
the lesser curvature of the pylorus. Nevertheless, this operation is superior 
to one necessitating the construction of an antethoracice esophagus. 

The jejunum was utilized in the following manner. After total thoracic 
esophagectomy, the patient is left with a cervical or infraclavicular esopha- 
gostomy and a gastrostomy for feeding. At least two weeks after operation, 
the abdomen is opened and a convenient loop of the upper jejunum is isolated 
with its blood supply preserved. The lower end is anastomosed to the stomach 
and the continuity of the bowel is re-established by lateral or end-to-end 
anastomosis. The isolated segment of jejunum measuring approximately 59 
em. in length is stretched as much as its mesenteric blood vessels will allow. 
Certain of the mesenteric vessels supplying the proximal half of the jejunal 
segment must be cut in order to overcome the natural coiling of the bowel 
and thus increase its length. This segment is then pushed upward through a 
subeutaneous tunnel in the anterior thoracic wall. The upper open end of the 
bowel is brought out through a buttonhole incision in the skin adjacent to 
the esophageal opening. These two ends may be anastomosed later, thus com- 
pleting the procedure. 

In the development of this operation, it occurred to one of us that in 
order to extend the length of the coiled piece of jejunum, the following tech- 
nique could be employed. We removed the serosa and the muscularis over 
the upper one-half of the jejunal segment leaving essentially a mucosal lined 
tube. This maneuver lengthened the stripped portion of the jejunum and 
destroyed its blood supply. The lower half of the bowel remained intact. 
We reasoned that if a segment of bowel was made sufficiently thin, it would 
have a better chance to ‘‘take’’ as a devascularized transplant. 

The first time we tried this new method, excellent healing occurred, so 
that within two weeks we had a mucosal lined tube communicating with the 
stomach and ready for an anastomosis with the esophagus. However, the 
lumen of this tube was found to be rather narrow in the region where the 
serosa and muscularis were stripped and thus devaseularized. This particular 
segment of the jejunum continued to constrict until only a small catheter 
could be passed into the lumen, thus too small for the swallowing of food. 
The difficulty was overcome by placing a split-thickness skin graft made into 
a tube into the subeutaneous bed under the constricted segment of jejunum. 
The final results were entirely satisfactory. Similar stenosis of lumen oc- 
eurred when the jejunum was left intact except for the necessary destruction 
of the blood supply in its upper half. Stenosis occurred only in the part of 
the transplanted jejunum where the blood supply was deficient. 

The consideration of these results, those of Yudin,* Ladd and Swenson,5 
and others made it desirable to repeat these operations on animals in order 
to understand more fully the minor defects encountered by us. Experiments 
were devised to answer the query as to whether the residence of a segment 
of bowel in the subcutaneous tissue contributed to the atrophy of the lumen or 
whether this atrophy was entirely the expression of lack of blood supply. 

In the first experiment, using several dogs, a segment of jejunum meas- 
uring approximately 20 em. was dislocated into the subeutaneous tissue. The 
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Fig. 1—A roentgenogram showing an extensive carcinoma of the upper third of the thoracic 
esophagus. 


Fig. 2.—The jejunum is anastomosed to the stomach and brought up through a subcu- 
taneous channel. The serosa and muscularis of the upper one-half of the bowel were stripped 
off. This photograph was taken two weeks after the operation. One catheter is in the eso- 
phageal opening, the other in the stripped jejunum. No necrosis occurred. 
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open ends of the bowel were brought out through buttonhole incisions into the 
skin. The mesenteric blood supply was left intact. The continuity of the 
bowel was re-established by either end-to-end or lateral anastomoses. Two to 





Fig. 3. Fig. 4. 


Fig. 3.—Roentgenogram of a far-advanced carcinoma of the esophagus adherent to the 
aorta and extending above its arch. 

Fig. 4.—The jejunum is anastomosed to the stomach and brought up subcutaneously to 
meet the esophagus. Note the pouch to the left of the umbilicus where the jejunum is coiled. 
The small fistulous opening indicates the point of anastomosis. 


Fig. 5.—A specimen of jejunum removed from the subcutaneous tissue after the mesenteric 
blood supply was interrupted at a second stage. The lumen of the bowel is adequate. 
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Fig. 6.—A, B, and C, Three specimens of subcutaneous jejunum two to three weeks after 


the mesenteric blood supply was interrupted in the second stage. The cross sections show the 
lumen to be normal. 
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three weeks later the subcutaneous segment of jejunum was explored and in 
all instances found to be normal. At this time the mesenteric blood supply 
was severed. Again two to three weeks later the dogs were sacrificed and the 
two-stage jejunal transplants observed. In all cases the bowel appeared al- 
most normal and the lumen remained normal] in size. The results are illus- 
trated in Figs. 5 and 6. 


Fig. 7.—The mesenteric blood supply to the upper half of the jejunal segment was inter- 
rupted at one-stage operation. The photograph of the specimen shows the inadequacy of the 
lumen in the devascularized upper portion. 


Fig. 8.—The lumen had a tendency to disappear and become a string of fibrous tissue. 


A second series of experiments was performed in which the mesenteric 
blood vessels supplying the upper one-half of the jejunal segment were divided. 
The bowel was inspected two to four weeks after the operation. The lower 
half, having a good blood supply, remained normal in caliber, whereas the 
devascularized upper half underwent marked stenosis. In some instances the 
devascularized portion of the jejunal segment was completely absorbed. 


In the third series of experiments the serosa and muscularis were stripped 
off the upper one-half of the jejunal segment. This provided a thin mucosal 
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lined tube devoid of blood supply, but thin enough for an easy penetration 
of new blood vessels. In all these instances there was a rapid and progressive 
aseptic atrophy and absorption of this portion of the bowel. In the course 
of three weeks the mucosal tube completely disappeared. 





B. 


Fig. 9.—A and B, These photographs of skin and subcutaneous tissue show no trace of the 
transplanted mucosal tube. 


CONCLUSIONS 


The observations recorded in these experiments indicate that the atrophy 
and absorption of segments of jejunum are due to lack of blood supply. This 
may be overcome by interrupting the blood supply in stages. 

It appears that a feasible method may be developed by which an ante- 
thoracic esophagus may be constructed, quickly and safely. 
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CONTROL OF HEMORRHAGE FROM THE CARDIAC 
AURICLES BY THE GELATIN SPONGE 
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EKHN' in Germany in 1896 performed the first successful cardiorrhaphy. 

Since then reports of successful suture of wounds of both the eardiae ven- 
tricles and auricles?* have appearéd in the literature with increasing frequency, 
so that now cardiorrhaphy has become a standard emergency procedure when 
the surgeon is confronted with evidence of increasing cardiac tamponade. 
Nevertheless, the incidence of heart wounds in civilian practice remains relatively 
small and, in 1936, Bigger® reported their incidence in only 0.1 per cent of all the 
surgical patients admitted to the Medical College of Virginia Hospitals. And 
in the same year Elkin® reported that in only 2 per cent of all the penetrating 
wounds of the chest were there associated wounds of the heart. 

However, this is slightly misleading as many persons die of stab wounds 
in the precordium inflicted by a knife, ice pick, or bullet, who never come under 
the observation of a physician. Particularly is this true of wounds of the auricles 
which comprise roughly only 10 per cent of all cardiac wounds, probably because 
of their posterior position. The walls of these chambers, unlike the thick 
ventricular musculature, offer little resistance to the escape of blood. 

That auricular wounds are of a more serious nature than those of the 
ventricles was recognized by Rehn and may be seen in a comparison of the 
mortality figures. Because of more meticulous asepsis, improved operative 
technique, and the administration of intravenous fluids preoperatively to increase 
the blood volume and hence inerease the cardiae output, Elkin*® in his series 
of sixty-one cases reported a decrease in the mortality rate in wounds of all four 
cardiac chambers, the aorta, and the pulmonary artery from 42 per cent in 1941 
to 22 per cent in 1944. During this same period and in this same group of 
cases three auricles were injured with one death on the operating table, a 
mortality of 33 per cent. In a series of forty-two wounds of the heart reported 
by Griswold and Maguire’® in 1942, four were in the auricles. Of these four, 
three patients did not recover, making a mortality of 75 per cent. Likewise, in 
1944 Linder and Hodo" reported three deaths and three recoveries from wounds 
of the auricles (50 per cent mortality) in a study of twenty-seven traumatically 
injured hearts. 

A combination of factors exist to account for the high mortality in auricular 
wounds. First is the difficulty in approaching these structures, particularly the 
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left auricle because of its posterior position. Often twisting and rotating the 
heart in order to obtain sufficient exposure to suture the defect results in inter- 
ference with the blood flow at the base of the heart with consequent cardiac 
embarrassment. Most important is the thin-walled, friable musculature, which 
not only gives no support in closing the wound, but which also makes suture 
very arduous. The stitches readily pull out and it is difficult to confine them to 
the substance of the muscle and not enter the chamber where damage to the 
intima predisposes to clot formation which could prove fatal. Furthermore, it is 
even a task to control the hemorrhage temporarily by digital pressure while 
sutures are being placed since there is little to push against. This plus the com- 
bination of a rapidly beating heart and the great rapidity of the hemorrhage 
(much greater than in the ventricles although under less pressure) all contribute 
to the dilemma of the surgeon. However, the placing of a stay suture through 
the apex of the heart as advocated by Beck,” the application of the Sauerbruch 
method’* 74 for temporary arrest of the circulation, and the use of the Trendelen- 
burg artery clamp’® for temporary control of the bleeding are all well-tried 
methods which the surgeon can resort to in solving the particular problem at 
hand. 

Observations on the absorbability’® 77 and hemostatic -action'*-*° of the 
gelatin sponge in controlling hemorrhage from wounds experimentally produced 
in the liver,?’ *? great vessels,?* and eardiae ventricles** *° of dogs led us to 
study the feasibility of using this agent in wounds of the eardiae auricles. 




















EXPERIMENTS 










Experiments were performed on eighteen dogs ranging from 5 to 14 kg. in 
weight, using ether anesthesia and the intratracheal positive pressure apparatus, 
maintaining a constant pressure of between 30 and 40 mm. of Hg during the 
operative procedures. Aseptic precautions were observed throughout. Musele- 
splitting incisions were used and the chest was entered through the fourth and 
fifth interspaces on either side. Sufficient exposure was obtained by the use 
of self-retaining retractors and it was unnecessary to resect a rib. The lungs 
were retracted and the pericardium opened parallel with and just anterior or 
posterior to the phrenic nerve. There were no cases of ventricular fibrillation 
even though procaine solution was not used. 

Hemorrhage of great magnitude was produced by removing about 1 em. of 
the tip of the auricular appendage (see lig. 1), or by thrusting the scalpel into 
the auricular wall at the base of the appendage. Bleeding in most instances was 
dramatic. Hemorrhage from wounds of the appendage could be temporarily 
controlled by opposing the cut edges by means of loosely applied hemostats. 
Bleeding from wounds in the auricular wall proper, however, was more difficult 
to arrest and had to be done by digital pressure. 

Dry compressed gelatin sponge cut to conform with the size of the wound 
was placed over the bleeding surface and held there with firm finger pressure for 
approximately ten minutes, at which time the hemorrhage had usually ceased (see 
Fig. 2). In several’ cases it was necessary to apply a second or a third sponge 
before hemostasis was accomplished. 
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Because the sponge adhered almost as readily to the gloved surface as to 
the bleeding surface, even when the former was smeared with blood before the 
application of digital pressure, in our later experiments ‘cellophane and finally 
perforated Cilkloid were placed between the sponge and the glove. The Cilkloid 
proved excellent. It does not stick to the glove and any tendency to adhere to 
the sponge can be overcome by a few drops of saline solution which penetrate 
the perforations and render the Cilkloid easily removable. This can be accom- 
plished even when the Cilkloid has been made to adhere to the sponge by a 
2 per cent solution of gelatin prior to operation so as to facilitate handling the 
two substances. 

In two dogs the bleeding was so profuse that it could not be controlled by 
the sponge. In one of these a ligature encircling the base of the appendage 


* Ps 
oe* Oe * Y i. 


Fig. 1.—Showing hemorrhage from wound of auricle. 
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brought the hemorrhage under control. This was accomplished in the other case 
by suture of the auricular wall at the base of the appendage after considerable 
difficulty due to the friability of the musculature. In one control case hemor- 
rhage was stopped by a ligature at the base of the appendage without using the 
gelatin sponge. 


The pericardium was closed with continuous silk sutures leaving a small 
portion at one end open for drainage. Two pericostal linen sutures approxi- 
mated the ribs, and the muscles and fascia were closed in layers with silk. The 
lungs were inflated just before placing the last suture in closing the chest wall to 
obviate a pneumothorax. Intracutaneous stitches and collodion dressings were 


applied to prevent the dogs from pulling at the sutures. 


Fig. 2.—Showing control of hemorrhage from wound of auricle by application of gelatin sponge. 





TABLE I 











DATE OF | 
OPERA- SITE OF DAYS CAUSE OF 
TION WOUND | ALIVE DEATH AUTOPSY 
5/25/46 Left auricular 10 Sacrificed Few adhesions within pericardial sac; 
appendage sponge in place, no _ secondary 
hemorrhage 
8/14/46 Left auricular Sacrificed - Many adhesions in chest and peri- 
appendage cardial cavities; auricular  ap- 
pendage contracted and defect 
sealed; no gross evidence of sponge, 
no secondary hemorrhage 
8/15/46 Left auricular 28 Sacrificed Few adhesions, sponge still evident; 
appendage defect sealed, no secondary hemor- 
rhage 
8/19/46 Left auricular 1 Died (?) Sponge strongly adherent to auricular 
appendage wall; no secondary hemorrhage 
8/26/46 Left auricular 22 Sacrificed Many adhesions of lung to chest wall 
appendage and mediastinum, also many with- 
in pericardial sac; sponge partly 
absorbed, no secondary hemorrhage 
8/27/46 Right auricular 14 _ Sacrificed No adhesions, sponge still present 
appendage sealing defect; no secondary hemor- 
rhage 
8/28/46 Left auricular 3hr. Died of Sponge adherent to auricle; no 
appendage pneumothorax secondary hemorrhage 
/29/46 Left auricular 54 = Saerificed Only few adhesions of heart to peri- 
appendage cardium, site of wound noted by 
slight fibrosis only; sutures identi- 
fied, no secondary hemorrhage 
3/30/46 Left auricular 76 Sacrificed Heart outside of pericardium (not 
appendage closed at operation); dense ad- 
hesions around site of left auricle, 
sutures identified, no secondary 
hemorrhage 
9/ 4/46 Left auricular Sacrificed Only few adhesions; sponge readily 
appendage identified sealing wound, no second- 
ary hemorrhage 
12/13/46 Left auricular 35 Sacrificed No adhesions, no evidence of sponge; 
wall fibrous tissue present over site of 
wound, no secondary hemorrhage 
12/23/46 Right auricular 14 Sacrificed Moderate adhesions within pericardial 
wall sac; sutures identified, tissue thick- 
ened about sutures, no secondary 
hemorrhage 
Right auricular 28 Sacrificed Thick adhesions over sponge, latter 
wall still present—pale yellow, gelatin- 
ous, and strongly adherent; 2 mm. 
mural thrombus on endocardium at 
site of wound, no secondary hemor- 
rhage 
Left auricular 21 Sacrificed Adhesions over sponge only; endo- 
wall ‘ardium wound well healed, no sec- 
ondary hemorrhage 
Right auricular 14 Sacrificed No adhesions within pericardial sac 
wall except over sponge; wound in endo- 
cardium barely visible, no second- 
ary hemorrhage 
Right auricular Died of sepsis Serosanguineous fluid in each chest; 
wall and peri- fibropurulent pericarditis, myo- 
carditis cardium almost white, no second- 
ary hemorrhage 
Right auricular Died of dis- Both lungs hemorrhagic and _ con- 
wall temper solidated: pericardial sac normal, 
sponge appeared jellylike and ad- 
herent to right auricle, no second- 
ary hemorrhage } 
1/22/47 Right auricular Sacrificed Dense adhesions over sponge only, in- 
wall farection of right ventricular wall, 
large thrombus in right ventricle 
enmeshed in the tricuspid chordae 
tendineae; endocardium of right 
auricle in vicinity of wound ap- 
peared bruised and with mural 
thrombus, no secondary hemorrhage 
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RESULTS 

All eighteen dogs survived the operative procedure and were sacrificed or 
died from three hours to seventy-seven days postoperatively (see Table I and 
Figs. 3, 4,5, and 6). There was no secondary hemorrhage in any instanee. Of 
nine dogs with wounds of the left auricular appendage, seven were sacrificed at 
from seven to seventy-seven days. One died three hours postoperatively of a 
pneumothorax, and another after one day, the cause of death in this ease being 
undetermined. One dog with a wound of the right auricular appendage was 
sacrificed at fourteen days, and two others with stab wounds of the left auricular 


Fig. 3.—Showing specimen of heart one day after application of gelatin sponge for control of 
hemorrhage from wound of auricle. 


wall were sacrificed at twenty-eight and thirty-five days. Finally, of five dogs 
in whom wounds were made in the right auricular wall, three were sacrificed 
at seven, fourteen, and twenty-eight days, respectively, while one died of general 
sepsis and purulent pericarditis after two days, and one of distemper three days 
postoperatively. 


At autopsy there were usually adhesions between the chest wall, lungs, and 
pericardium on the operative side. Adhesions were also present within the 
pericardial sae in our earlier experiments, but with improvement in operative 
technique, adhesions within the pericardial sac were confined to the region of 
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the sponge. Autopsy on the four dogs which died revealed the gelatin sponge 
to be firmly adherent to the wound with no evidence of secondary hemorrhage. 
Autopsy on the fourteen who were sacrificed showed no infection, hemorrhage, 
fluid, or aneurysm formation, and the endocardium at the site of the wound 
appeared off-white in color and smooth and glistening, with two exceptions. One 
dog with a wound of the right auricular wall which was sacrificed after twenty- 
eight days had a small mural thrombus 2 mm. in diameter strongly attached to 
the endocardium where it was pierced by the scalpel. Another which underwent 
the same procedure and was sacrificed after seven days revealed at autopsy 
an area of infarction at the apex of the right ventricle. A large thrombus was 


Fig. 4.—Showing specimen of heart after seven days with. gelatin sponge sealing off wound 
of auricle. 
also present within the lumen of the right ventricle enmeshed in the chordae 
tendineae of the tricuspid valve. The endocardium of the right auricle in 
the vicinity of the wound appeared bruised and a 5 mm. flat mural thrombus was 
present. The sponge was adherent to the epicardium in all cases and was ab- 
sorbed in from five to eight weeks. The site of the wound in those cases where 
silk sutures and ligatures were used in controlling the hemorrhage was marked 
by varying degrees of fibrosis. 
COMMENT 
Certain points in the technique of applying the gelatin sponge must be 
mastered. Its proper use can mean the difference between success and failure, 
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especially in controlling bleeding of any magnitude. Much of this comes from 
personal experience and the following points are intended only as a guide. 
First, the sponge should be compressed between the fingers to a thickness of 
roughly one-sixteenth inch before application to the bleeding surface. Second, 
it cannot merely be placed against the bleeding point but rather must be held 
there with firm digital pressure for a matter of minutes until it becomes adherent. 
In the ease of an auricular wound this is approximately ten minutes. Third, and 
probably the most important single factor, is to prevent the sponge from sticking 
to the rubber glove, as nothing is more discouraging than to have the hemorrhage 
under control and then find the sponge strongly adherent to the finger. This 
in our experience was most successfully combated by the use of perforated 


A. 


Fig. 5.—Showing specimen of heart after twenty-one days. A, Gelatin sponge firmly adherent 
to wall of auricle overlying wound. B, Healed wound in endocardium of auricle. 





Fig. 6.—Showing specimen of heart after twenty-eight days with gelatin sponge becoming 
incorporated in wall of auricle overlying wound. 





Fig. 7.—Showing gelatin sponge patch covering wound of auricle after seven days. There is 
active fibroplasia which has filled in the defect in the wall of the auricle. 
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Cilkloid between the sponge and glove as described previously. Finally, if the 
blood clots within the sponge before the sponge becomes adherent to the wound 
a fresh one should be substituted. 

The gelatin sponge was originally devised as a vehicle for thrombin, and 
certainly there is no contraindication to soaking it in such a solution before its 
application. In these experiments we were interested in the hemostatic properties 
of the gelatin sponge per se, and therefore it was used dry. Its mode of action 
in promoting the clotting mechanism is probably as follows: as the blood enters 
the many tiny interstices of the sponge, platelets are injured with the consequent 
liberation of thromboplastin. This in the presence of calcium ions and pro- 
thrombin form thrombin which, with fibrinogen, is in sufficient concentration to 
form the fibrin clot. 

It must be clearly understood that the gelatin sponge is not a substitute 
for ligature or suture. However, when used properly, it is a valuable agent 
in arresting hemorrhage from severe cardiac wounds. It may be used as a 
temporary measure so that sutures can later be placed with accuracy in a dry 
field. It might also be useful to reinforce a suture line in which the tissues 
are approximated but in which there is still oozing. Finally, in wounds on the 
posterior surface of the heart or those in apposition to coronary vessels where 
suturing might be difficult or undesirable, the gelatin sponge could successfully 
control the hemorrhage. 




















SUMMARY 






An experimental method of controlling hemorrhage from wounds of the 
eardiae auricles by the use of gelatin sponge has been presented. Points in the 
technique of applying the gelatin sponge to obtain satisfactory hemostasis are 






discussed. 






CONCLUSIONS 










This experimental method may possibly have some value in clinical surgery 
as an aid in controlling hemorrhage in stab wounds or bullet wounds of the 
auricles, in injury of the auricle in the course of pericardiectomy, and in opera- 
tive procedures on cardiac valves. 
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CONGENITAL ARTERIOVENOUS FISTULA BETWEEN THE 
INTERNAL MAXILLARY ARTERY AND 
PTERYGOID PLEXUS 


FRANK GERBODE, M.D., AND EmiLe Hotman, M.D., San Francisco, Cauir. 
(From the Department of Surgery, Stanford University School of Medicine) 


BNORMAL communications between arteries and veins occurring at birth, 

or becoming evident in childhood or adolescence, have formed the basis for 
a number of stimulating papers. In 1918, Halsted® presented a case of congenital 
arteriovenous fistula of the neck at a meeting of the American Surgical Associa- 
tion and mentioned at the time that congenital fistulas occurring without nevi 
were extremely rare. Callander,* in 1920, collected all the cases of acquired 
and congenital fistulas that had been reported up to that time and found that 
there were only 2 without nevi in 447 fistulas of all varieties, while with nevi the 
condition was reported in only 6 instances. That this is not a true indication of 
the frequency of these interesting lesions has been emphasized, for undoubtedly 
there are many unreported cases. In 1924, Rienhoff?* published a paper in 
which the literature on congenital arteriovenous fistulas was reviewed and the 
Johns Hopkins Hospital cases were presented in detail. In 1925, Reid'*-?? pub- 
lished several papers in which acquired and congenital fistulas were discussed 
comprehensively. Various other authors, notably Lewis,!® Elkin,’ Pemberton 
and Saint,’? and Ward and Horton,*! have reported individual or small series 
of cases. There are quite a number of congenital vascular lesions of the ex- 
tremities in the literature at the present time, some of which were reported by 
these authors, but they are not included in this study. 

Observations by Sabin?® 27 and Woollard** indicate that congenital arterio- 
venous fistulas are due to a persistence of embryologic vascular channels. Ar- 
teries and veins arise from a common eapillary plexus, affording an explanation 
for the occurrence of abnormal communications. In discussing this, Reid aptly 
expressed wonder that the abnormal occurrence is so infrequent. 

Some confusion exists in the terminology applied to congenital vascular 
lesions, which at times makes it difficult to identify positively the anomalies as 
to type. This was particularly true in the early literature. Since 1900 most 
of the congenital vascular tumors with communications between arteries and 
veins have been called arteriovenous aneurysms, which probably is the best de- 
seriptive term in use, since it correctly implies that fhere is dilatation in the 
involved vessels. It is possible that some of the early cases included in this 
study may not have had communications between arteries and veins, but they 
are included because it seemed most likely that they did exist. The reason for 
casting any doubt lies in the variation in terminology used, in the failure to re- 
port whether a continuous murmur was heard over the tumor, or in not stating 
if arterial blood was seen in veins.*° 


Presented at the meeting of the Society of University Surgeons, Boston, Mass., Feb. 13-15, 
1947 
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Congenital arteriovenous fistulas exhibit the same circulatory phenomena 
produced by traumatic fistulas, providing that the size of the communication is 
large. The bradycardiac phenomenon on closure of the fistula was first observed 
in a congenital fistula by Nicoladoni in 1875, but it has become more commonly 
known as Branham’s bradycardiac phenomenon since his description of it in an 
acquired fistula in 1890. However, when numerous communications exist, pre- 
eluding complete occlusion of all the fistulas, this phenomenon is not demon- 
strable. Cardiac enlargement occurs if the communications are large, and after 
obliteration of the fistula the heart size has been observed to return to normal. 
This effect was not recorded by Dandy in cerebral arteriovenous fistulas, nor has 
it been seen in many of the cirsoid types with multiple small openings between 
the arteries and veins. Proximal dilatation of the principal artery or arteries 
supplying the fistula has been found in many congenital fistulas, and dilation 
of the communicating veins is a common observation. 

The inereased vascularity of the tissues near an arteriovenous fistula is re- 
sponsible for various local effects. One of the most striking is the stimulation 
to the growth of the long bones. In our case an increased growth of the mandible 
was observed. Increased surface temperature is present near the lesion, due to 
the richness of the arterial blood supply. 

In reading the case reports on congenital arteriovenous fistulas of the face 
and neck, one is struck by the heroic attempts that have been made to cure these 
lesions, and how frequently success has been only partial. As might be expected, 
eure is not certain unless the actual communications are either ligated, extirpated, 
or thrombosed. Frequently the exact location of the fistulas has not been dem- 
onstrated before or, in fact, during operation. Of the twenty-three treated pa- 
tients reported in the literature (Table I), only thirteen were cured by surgical 
means. In six instances a direct attack on the involved vessels with excision was 
successful. Four patients were cured by ligation and division of multiple 
small fistulas. Only one of the cures was effected by ligation of the principal 
artery leading toward the involved vessels. Reid and McGuire*’ reported a cured 
case of congenital fistulas between the external carotid artery and the external 
jugular vein in which the artery and vein were ligated and transected, the prox- 
imal vein then being twisted to occlude the fistulas. Ferris Smith?® reported a 
cured case of aneurysm in the tympanum in which he ligated the veins and 
packed the aneurysm. Improvement in the amount of pulsation and other symp- 
toms followed similar surgical measures in ten eases. In this group five were 
benefited by multiple ligations and excisions, two by the ligation of the principal 


TABLE I. RESULT OF TREATMENT IN TWENTY-THREE CONGENITAL ARTERIOVENOUS FISTULAS 
OF THE FACE AND NECK 








TREATMENT CURED IMPROVED 


Ligation of principal arteries and veins and excision of involved vessels 6 5 
Ligation and transection of multiple fistulas 4 

Ligation of principal arteries and veins 1 

Ligation of principal arteries and veins and coagulation 

Ligation of principal veins and packing of aneurysm 1 

Ligation of principal veins 

Ligation of principal arteries and twisting of involved vein 
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arteries, two by multiple ligations and coagulation, and one by simple ligation 
of veins. Twelve-of the twenty-two cases required more than one operation to 
relieve the symptoms either partially or totally. 

The following is a case report of a congenital arteriovenous fistula between 
the internal maxillary artery and pterygoid plexus. 


Case 1 (History No. 257601).—D. K. was a 6-year-old girl who was brought to the 
clinic by her stepmother with the complaint of a pulsating swelling below the left ear. The 
stepmother had noticed the pulsation in 1944, when the child came under her care. The 
patient stated that she had heard a buzzing in the left ear for as long as she could remem- 
ber. <A tonsillectomy and adenoidectomy six months previously was attended by mild post- 
operative hemorrhage. There was no history of any injury which might have caused an 
arteriovenous fistula. The child tired easily, but had only moderate dyspnea on great ex- 
ertion. The stepmother stated that she was a rather nervous child, being somewhat difficult 
to manage at times. 


Fig. 1.—Photograph showing enlargement of the left side of the face before operation. 


Physical examination revealed a well-developed and nourished girl. The left side of 
the face was larger than the right (Fig. 1). Below the lobe of the left ear there was a 
visible pulsation, evidently a dilated and pulsating external jugular vein. A pronounced 
thrill could be felt over the left side of the face, maximal in front of the ear. There was a 
continuous loud murmur, with systolic accentuation, heard maximally in front of the left 
ear, but transmitted over the cranium and down the vessels in the neck. The murmur could 
be diminished by pressure over the left common carotid, but pressure over both common 
carotids was required to obliterate it. Examination of the heart revealed a soft systolic 
murmur’ along the left sternal border. The blood pressure in both arms averaged 115/60. 
Laboratory examinations revealed negative blood Wassermann and Hinton flocculation tests, 
normal blood count, and a negative urinalysis. The electrocardiogram was normal. Roent- 
genogram of the skull and face showed that the left half of the mandible was larger than the 
right (Fig. 2). Roentgenograms of the chest taken five days before operation showed a heart 
shadow 9.5 cm. in transverse diameter. Eight days after obliteration of the fistula it 
measured 8.7 cm. (Fig. 3). 





SURGERY 











Fig. 2.—Roentgenogram showing enlargement of the left half of the mandibie; the measure- 
ments are in millimeters. 


B. 


Fig. 3—A, Preoperative roentgenogram of the heart shadow showing a transverse diam- 
eter of 9.5 cm. B, Eight days after obliteration of the fistula the heart shadow measured 
a cm.; the heavy line is a tracing of the left border of the heart taken from the preoperative 

m. 
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It was decided that localization of the site of the fistula by angiography would be help- 
ful. Accordingly, on Nov. 14, 1946, under general anesthesia, the left common carotid was 
exposed through a short transverse incision and 15 ¢.c. of thorotrast were injected into it 
while stereograms of the skull were rapidly taken (Fig. 4). The roentgenograms showed 
that the opaque medium went directly into the external carotid artery, avoiding the internal 
carotid, and then into the internal maxillary artery. Here abnormal arteriovenous com- 
munications between the internal maxillary artery and veins of the pterygoid plexus could 
be seen. The thorotrast could then be followed down a large vein running toward the base 
of the neck. It was interesting to note that neither the internal carotid nor the branches 
of the external carotid were visualized, indicating how great the urge is for blood to rush 
toward a fistula. There were no ill effects from this procedure and the wound healed per 
primam. 


Ext. carotid oa. 


Ext. jaguler Vv. 


Kyun i A 
B. 


Fig. 4.—A, Thorotrast carotid angiogram. B, Tracing of the angiogram showing the dye 
omitting the internal carotid and branches of the external carotid. Note also the dilatation of 
the external carotid artery and external jugular vein. 


Various methods of treating this communication were considered. A direct attack on 
the fistula would have entailed a bloody and disfiguring procedure. Inasmuch as it required 
compression of both common carotids to stop the murmur, it was obvious that some of the 
blood supply to the fistula was coming from the opposite side. Therefore, simple proximal 
ligation of the external carotid artery would have been attended by the possibility of in- 
complete obliteration. It was decided to attempt to pack the artery with muscle at the site 
of the fistula and thus directly occlude the abnormal communications (as performed by 
Brooks12 for pulsating exophthalmos secondary to carotid cavernous sinus arteriovenous 
fistula). 
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At operation, Nov. 19, 1946, under ether anesthesia, a transverse incision was made 
in a normal skin fold, just beneath the left mandible. After the platysma was incised a 
very large pulsating external jugular vein was encountered (Fig. 5). This vessel was freed, 
doubly ligated with medium silk, and transected, thereby allowing better access to the carotid 
sheath. The common, external, and internal carotids were identified and freed from their 
investments. It was noted that the internal jugular vein was a very small, almost vestigial, 
structure. The external carotid artery was larger than the internal carotid, clearly showing 
the often described proximal dilatation of the artery supplying a fistula. The branches of the 
external carotid proximal to the fistula, namely, the superior thyroid, lingual, external max- 
illary, sternocleidomastoid, occipital and posterior auricular, were doubly ligated with medium 














Linguel o. 


Sup. thyroid a. 


Ext jusuler vein 














Fig. 5.—Showing the dilated and tortuous external carotid artery, and the large anoma- 
lous external jugular vein. 

Inset: Showing the skin incisions; they were placed in normal skin folds and the lower 
incision was used for the carotid angiograms. 


silk and transected. When the external carotid was then drawn down from beneath the 
mandible a plexus of veins could be seen investing the artery. Two bulldog arterial clamps 
were placed on the artery, one at the bifurcation, the other as high as possible next to the 
mandible. A small transverse incision was made in the external carotid about 1 em. above 
the proximal clamp. Through this a 5 em. by 3 mm. strip of sternocleidomastoid muscle was 
inserted (Fig. 6). The incision was closed with arterial silk, the suture including the prox- 
imal end of the muscle strip. The arterial clamps were removed so that the blood flow would 
carry the distal end of the muscle strip beyond the fistula. In a few seconds the muscle could 
be felt within all of the exposed external carotid artery. The latter was then doubly ligated 
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with silk just beyond the bifurcation and transected beyond the ligatures. No retrograde 
bleeding occurred from the open distal end. A bayonet forceps was used to further advance 
the muscle toward the fistula. The distal end was then ligated with medium silk and a portion 
excised (Fig. 7). Observers noted that the bruit was no longer audible. The wound was 
closed with interrupted silk sutures, and a surgical dressing was applied. 

The child withstood the operation quite well and was returned to bed in good con- 
dition. The blood pressure a few hours after the operation averaged 134/88. The wound 
healed per primam, and there were no postoperative complications. She was discharged from 
the hospital on the eighth postoperative day and has since been followed in the outpatient 
clinic. One month after the operation examination revealed that the bruit was not present 
and the child was quite normal in every respect. The blood pressure at this time was 124/80. 
Two and one-half months after operation, a faint bruit could be heard just in front of the left 
ear. Pressure over the right external carotid stopped the murmur, indicating that this vessel 
is now supplying a small opening not occluded by the muscle. She is not conscious of the 
murmur. The stepmother states that the child is less nervous than previously, and is easier 


to manage. 





Fig. 6. Fig. 7. 

Fig. 6.—Method of inserting the muscle strip. The incision in the external carotid was 
closed with arterial silk, which engaged the proximal end of the muscle. The two bulldog 
clamps were then removed, allowing the arterial flow to carry the muscle into the area of 
the fistulas. 

Fig. 7.—Condition of vessels at close of the operation. The muscle pack was further 
advanced through the open distal end of the artery. A segment of the artery was then ex- 
cised. The arteries were doubly ligated and transfixed. 


SUMMARY 


1. The reported cases of congenital arteriovenous aneurysms of the face 
and neck are briefly reviewed, illustrating their close resemblance to acquired 
fistulas. 
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SURGERY 


2. A ease of arteriovenous aneurysm involving the internal maxillary artery 
and veins of the pterygoid plexus is presented, in which the lesion was visualized 
by thorotrast carotid arteriography. 

The fistula was temporarily obliterated by ligation and transection of the 
external jugular vein, the external carotid artery, and all its branches proximal 
to the fistula, and by packing the internal maxillary artery with muscle. The 
size of the heart diminished after the fistula was obliterated. The preoperative 
blood pressure was 115/60, two hours after operation it was 134/88, and one 
month after operation it was 124/80. Two and one-half months after operation 
a faint bruit recurred, due to collateral blood supply from the right external 
carotid. 

The left half of the mandible was larger than the right as disclosed by accu- 


rate measurements of roentgenograms. 
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CAROTID BODY TUMOR IN ASSOCIATION WITH 
CAROTID SINUS SYNDROME 


Report or Two CASES 


Barton McSwain, M.D., NasHvitue, TENN., AND 
FRANK C, Spencer, M.D., Baurrmore, Mp. 
(From the Department of Surgery, Vanderbilt University School of Medicine, 
Nashville) 

UR observation of a case of carotid body tumor in association with carotid 

sinus syndrome stimulated an interest as to the frequency of occurrence 
of such eases. 

In a report of two cases of carotid body tumor in 1945, Dickinson and 
Traver® stated that ‘‘about 275 cases have now been reported in the literature.’’ 
Rankin and Wellbrock” in 1930, adding twelve cases of their own, brought the 
number of cases reported to an accurate total of 196. In a complete review of 
the English literature we were able to find reports” © 1+ 7° of four patients in each 
of whom there was a tumor in the neck, pressure upon which caused fainting. 
Each tumor was found in the region of the bifurcation of the common carotid 
artery at operation and removed. Reports® * 71° 1% 1417 were found of ten 
patients who seemed to have had carotid body tumors in association with carotid 
sinus syndrome, but the reports were open to some question due to the absence of 


actual syneope or omissions in the articles of discussions of operative removal. 
The review of the foreign literature, although not complete, disclosed two case 
reports 7? which were unquestionably cases of carotid body tumor in association 
with carotid sinus syndrome. 


CASE REPORTS 


CASE 1 (No. 129362).—H. H. M., a white male of 15 years was admitted to the 
Vanderbilt University Hospital, April 12, 1944, complaining of fainting and a lump in 
the neck. For two years prior to admission he had had periods of loss of consciousness, 
the duration of which was from a few seconds to several minutes. He noted that the rapid 
turning of the head precipitated the attacks and that the wearing of tight collars increased 
the frequency with which they occurred. Preceding the loss of consciousness, there was 
pain in the eyes, blurring of vision, and dizziness. When the patient was lying down, the 
latter three symptoms occurred sometimes but there was never loss of consciousness unless 
he was sitting or standing. One year before admission he discovered a mass in the left 
side of the neck and he noted that pressure upon the mass caused the attacks. There had 
been a slow, slight increase in the size of the mass over a period of one year. 

Past History.—In the Vanderbilt University Out-Patient Department, June 8, 1943, 
the patient was found to have a positive blood Wassermann reaction. He had been treated 
with bismuth and neoarsphenamine. 

Physical Examination.—Just posterior and inferior to the angle of the left mandible 
there was a firm nontender mass about 3 cm. in diameter which was movable laterally 
but not vertically. Following pressure upon the mass, the patient became pale and lost 
consciousness, the blood pressure fell, and the pulse decreased in rate (Table I). 

Upon release of pressure, the patient rapidly regained consciousness with no apparent 
ill effect. 

_— Read at the meeting of the Society of University Surgeons, Boston, Mass., Feb. 13-15, 
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TABLE I. THE EFrrects Upon BLoop PRESSURE AND PULSE RATE OF PRESSURE UPON THE 
CarOoTID Bopy Tumor (CASE 1) 




























| BLOOD PRESSURE | PULSE 

Normal 120/70 86 
Orbital pressure 120/70 80 
Right carotid sinus pressure 120/70 80 
Left carotid sinus pressure 

During attack Could not be obtained 52 

30 Seconds after release of pressure 90/40 68 

45 Seconds after release of pressure 100/40 80 

60 Seconds after release of pressure 120/70 80 













Operation.—Under intratracheal nitrous-oxide-oxygen-ether anesthesia through an in- 
cision along the anterior border of the sternocleidomastoid muscle the carotid sheath was 
exposed. A hard nodular mass concealed the bifurcation of the common carotid artery. 
The vagus nerve appeared at first to be incorporated in the tumor but was successfully 
freed from it. The tumor was incised in order to attempt to free it from the internal 
and external carotid arteries but no line of cleavage could be found. Accordingly, the 
common carotid artery and the internal jugular vein were ligated and divided below the 
tumor; the external and internal carotid arteries and the internal jugular vein were 
ligated and divided above the tumor. The mass was removed in one block along with a 
portion of the cervical sympathetic chain and the superior laryngeal nerve, to both of 
which the tumor was adherent. The wound was closed with silk. 











During induction of anesthesia, pressure upon the tumor caused temporary cessation 
of the heartbeat. After anesthesia had been induced, neither pressure upon the tumor 
nor upon the vagus nerve caused any change in the heart rate. During the first hour of 
the operation the blood pressure ranged around 150/70, then gradually rose to 180/70, 
with a rise in pulse rate from 100 to 160. After the administration of the anesthetic 
had been discontinued, the blood pressure fell gradually to 150/70. 







Postoperatwe Cowrse.—The postoperative course was uneventful except for the presence 
of hoarseness and, on the left side, slight ptosis of the eyelid, miosis and slight decrease 
in sweating, but no demonstrable enophthalmos. On the first day after operation the left 
retinal vessels were decreased in size but contained blood. There was no muscular weak- 
ness at any time. Eight days after operation, laryngoscopic examination showed complete 
paralysis of the left vocal cord. " ; 

Pathologic Changes, Gross—The photograph (Fig. 1) shows the gross specimen. 
The tumor was 3 cm.’ in diameter, irregular, nodular, and hard. The cut surface was 
white. The tumor had grown into the outer portion of the wall of the carotid vessels. 










Microscopic (Figs. 2 and 3).—The tumor cells grew in nests and strands, surrounding 
small blood vessels in many areas. Some of the cells had eosinophilic cytoplasm with indistinct 
cell borders and nuclei which were round or oval and densely basophilic, Other tumor cells 
were distinctly different, their cytoplasm being less eosinophilic and their nuclei less 
basophilic. The stroma was dense connective tissue. The tumor had invaded the adventitia 
of the common carotid artery. The appearance was that of a carotid body tumor or 
adenoma. Although this neoplasm showed a characteristic of malignancy in that it 
had invaded adjacent structures, such tumors usually do not metastasize and are not con- 
sidered truly malignant. 










Follow-uwp.—There were no attacks subsequent to operation. On Dec. 30, 1946, two 
and one-half years after operation, a nontender mass 1 by 2 by 2 cm. in size was felt 
in the region of the bifurcation of the right common carotid artery. Pressure upon this 
mass caused no symptoms. There was no recurrence of the tumor which had been ‘re- 
moved from the left side of the neck. The patient has been advised to enter the hospital 
for removal of the tumor in the right side of the neck which is thought to be a carotid 
body tumor. 
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Fig. 1 (Case 1).—Photograph of drawing of gross specimen. 





Fig. 2. Fig. 3. 


Fig. 2 (Case 1).—The lumen of the common carotid artery is on the left; the wall of the 
vessel has been invaded by the neoplasm (X20). 


Fig. 3 (Case 1).—Tumor cells of the two types normally present in the carotid body (X130). 
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CASE 2 (No. 154780).—L. M. B., a white woman of 28 years was admitted to the 
Vanderbilt University Hospital, Oct.,1, 1946, complaining of a lump in the neck. Light 
years before admission, when her head was suddenly drawn backward, she fainted; she 
had a similar attack several weeks later. Subsequently, on many occasions, estimated by the 
patient to be between 50 and 100, she fainted after arising quickly or raising the head 
suddenly. The periods of unconsciousness varied from a few seconds to two minutes. 
The attacks had become less severe during the three years before admission, that is, syncope 
had been replaced in most of the attacks by a feeling of faintness not followed by actual 
fainting. Three years before admission she noted a definite mass in the left side of the neck 
but she had been conscious of a feeling of fullness in that region for several years previously. 
She had had buzzing in the left ear and frontoparietal headaches. One month before ad- 
mission she noted a decrease in size of the left side of the tongue. When she first pre- 
sented herself for treatment six weeks before admission she refused to permit examina- 
tion of the tumor, stating that pressure would cause her to faint. 


Physical Examination.—Posterior and inferior to the angle of the left mandible there 
was a hard, nodular, slightly tender mass, 5 cm. in diameter, which was very slightly 
movable laterally but not movable vertically. Pressure upon the mass caused neither 
subjective manifestations nor change in the pulse rate. There was atrophy of the muscles 
of the left side of the tongue. There was slightly decreased sensitivity to light touch 
over the entire left side of the face, slight drooping of the left eyelid and left corner 
of the mouth, and slight difficulty in swallowing. There were no other motor or sensory 
deviations from the normal. 
Operation.—Under intratracheal nitrous-oxide-oxygen-ether anesthesia, a transverse in- 
cision was made below the ramus of the left mandible and extended upward and posteriorly. 
The tumor, which was hard and surrounded by dense fibrous tissue, was found at the 
bifurcation of the common carotid artery. The mass completely encircled the carotid vessels 
and no line of cleavage between tumor and artery could be established. The common carotid 
artery was ligated and divided. The hypoglossal nerve, which emerged from the inferior 
portion of the tumor, was divided. The glossopharyngeal nerve and the superior and re- 
current laryngeal nerves were not identified. The tumor was dissected free upward as 
far as possible but identification of the external and internal carotid arteries was im- 
possible. Clamps were placed across the upper tip of the tumor and the mass was removed. 
The tissue included in the clamps was sutured and the wound was closed with silk. 

Throughout the procedure the blood pressure ranged around 110/60 and the pulse 
from 90 to 100. 

Postoperatwe Course.—On the first day after operation the patient had difficulty in 
swallowing but no weakness of the extremities. On the second postoperative day, she de- 
veloped right hemiplegia. An electroencephalogram was done without overventilation. The 
pattern contained a number of slow waves with a frequency as slow as three or four per 
second. They were more numerous on the left side in the temporal lead than elsewhere, 
although the parietal lead alsc had many such slow waves, Both frontal leads had some slow 
waves but there was marked similarity in them, The occipital leads also were similar and had 
fewest slow waves. Some of the slowness in the tracing could have been due to sedation but 
there was a difference in the two sides. There was return of some motor power the next day 
and the clinical manifestations of hemiplegia had cleared up completely forty-eight hours 
after its onset. Laryngoscopic examination two weeks after operation showed complete 
paralysis of the left vocal cord. 

Pathologic Changes, Gross——The tumor was 4 by 3 by 2 em. in size, very firm and 
grayish white on the cut surface. The mass completely encircled the distal 2 em. of the 
common carotid artery and the proximal centimeter of the external and internal carotid 
arteries. The lumina of the common and external carotid arteries were patent but that 
of the internal carotid was occluded. 

Microscopic (Figs. 4 to 7).—The cells grew mainly in nests, exhibited the same perivas- 
cular arrangement as those in Case 1, and were the same two types of cells. The stroma was 
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Fig. 4 (Case 2).—The lumen of the common carotid artery is on the left; there has been invasion 
further centrally in the vessel wall than in Fig. 2 (X20). 





Fig. 5 (Case 2).—Two types of tumor cells =e in nests surrounding small blood vessels 
(X 
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dense fibrous tissue. The tumor cells extended into the media of the common carotid artery. 
The lumen of the-internal carotid artery was occluded by a thrombus. 
vessels and nerves were present. 
body tumor or adenoma. 
sidered to be malignant. 


Numerous blood 
The microscopic findings were characteristic of carotid 


The tumor had invaded adjacent structures but it was not con- 


Follow-up.—Jan. 31, 1947, nearly four months after operation, the patient stated that 
there had been no recurrence of tumor, syncope, or headache but that she still had buzzing 
Examination showed slight induration and tenderness in the region of the 


in the left ear. 
sear. 


Fig. 6 (Case 2).—The lumen of the external carotid artery is patent (x20). 


Fig. 7 (Case 2).—The lumen of the internal carotid artery is blocked by a thrombus (X20), 
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Comment.—The carotid sinus syndrome is usually the result of a reflex 
initiated by the stimulation of a hypersensitive carotid sinus. Weiss and Baker’ 
described three types of this syndrome: ‘(1) The vagal type in which there is 
slowing of the pulse rate or asystole with or without fall in the blood pressure, 
(2) the depressor type in which there is fall in the blood pressure without slowing 
of the pulse rate, and (3) the cerebral type in which there is diminution of the 
cerebral circulation without slowing of the pulse rate or fall in the blood pres- 
sure. The mechanism of syncope in the third type is not clear; it might 
conceivably be due to local vasoconstriction of the common or the internal 
carotid artery. 

Two possible explanations of the spontaneous disappearance of the carotid 
sinus syndrome are suggested. First, the facts that the lumen of the left 
internal carotid artery of this patient was not patent and the absence of 
preoperative muscular weakness on the right side indicate that collateral cireula- 
tion had been developed. The occurrence of hemiplegia on the right side fol- 
lowing removal of the tumor from the left side is evidence that the collateral 
circulation had been on the left. At the time the collateral circulation became 
adequate to render the central area independent of blood from the internal 
carotid artery, the carotid sinus syndrome disappeared. In order to accept this 
hypothesis one must grant the premise that the patient’s carotid sinus syndrome 
was of the cerebral type and that that type is due to local vasoconstriction of the 
internal carotid artery. 

The carotid sinus nerve may be connected with the trunk, inferior laryngeal 
and pharyngeal branches of the vagus nerve, the superior cervical sympathetic 
ganglion, and the trunk of the glossopharyngeal nerve, the latter being its 
principal and most constant afferent connection.‘7 A second and more likely 
reason for the disappearance of the carotid sinus syndrome in this patient is 
that the tumor destroyed the afferent nerve connection or connections from the 
carotid sinus, thus breaking the reflex are necessary to produce the carotid 
sinus syndrome. 

SUMMARY 


A ease of carotid body tumor in association with carotid sinus syndrome 
of the vagal type is presented. Cure was effected by extirpation of the tumor 
with segments of the common, external, and internal carotid arteries. 

A second patient with carotid body tumor is described who gave a typical 
history of carotid sinus syndrome which disappeared spontaneously. Two possi- 
ble explanations of the spontaneous disappearance of the syndrome are given. 
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EARLY CLINICAL RESULTS OF TRANSABDOMINAL CELIAC AND 
SUPERIOR MESENTERIC GANGLIONECTOMY, VAGOTOMY, OR 
TRANSTHORACIC SPLANCHNICECTOMY IN PATIENTS 
WITH CHRONIC ABDOMINAL VISCERAL PAIN 


kK. S. Grimson, M.D., F. H. Hesser, M.D., anp W. W. Kitcuin, M.D. 
DurHaM, N. C. 
(From the Departments of Surgery and Medicine, Duke University School of Medicine) 


HE abdominal viscera receive motor innervation from the sympathetic and 

parasympathetic divisions of the autonomic nervous system. The splanchnic 
and the parasympathetic nerves also carry visceral sensory pathways. Somatic 
pathways overlap visceral pathways only at attachments to the diaphragm or to 
the peritoneum of the posterior abdominal wall or pelvis. 

Effects of interrupting visceral motor innervation by dividing splanchnie or 
vagus nerves, or of interrupting sacral autonomic pathways, have been ex- 
tensively described in the literature and will not be reviewed. Effects of inter- 
rupting visceral sensory pathways have been less extensively studied. Occa- 
sionally relief from abdominal pain after splanchnic block or splanchnicectomy 
has been described. Isolated reports have indicated that appendicitis, chole- 
cystitis, or peptic uleer developing after bilateral splanchnicectomy for hyper- 
tension have caused little or no pain. The concept that abdominal visceral pain 
is mediated by sensory pathways traveling in the splanchnic nerves is generally 
accepted and has been confirmed by Ray and Neill.’ 

The miscellaneous studies and operations to be reported were carried out 
to reinvestigate pathways for viseral pain and to determine possible utility of 
operations designed to interrupt these pathways. They deal with five problems 
related to abdominal visceral pain. The first is the possibility that pathways 
transmitting pain may travel through the vagus nerves. The second concerns 
the role that vagotomy or splanchnicectomy might play in relieving pain or 
vomiting occurring during gastric crises of tabes dorsalis. The third is the 
effect of extensively excising the celiac and superior mesenteric ganglia in pa- 
tients with so-called ‘‘biliary dyskinesia.’’ The fourth is the possibility that 
celiac and superior mesenteric ganglionectomy combined with subdiaphragmatie 
vagotomy might aid patients with severe unexplained abdominal pain of so-called 
‘‘functional bowel distress.’’ The fifth problem deals with celiac and superior 
mesenteric ganglionectomy for pain from chronic pancreatitis. This report of 
these studies is of a preliminary nature since only a few patients have been 
observed a short period of time. 


STIMULATION OF THE VAGUS NERVES 


The possibility that visceral pain might be controlled by interruption of the 
vagus nerves has been revived since Dragstedt and Schafer? reintroduced 
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vagotomy as a treatment for peptic ulcer. With others*° they demonstrated that 
intractable pain from ulcer when present before operation is relieved by the 
time patients recover from anesthesia and before ulcers could heal. This phe- 
nomenon has not been adequately explained by changes of gastric acidity or 
motility. Moore and associates* have demonstrated that excessive distention of 
balloons in the intestinal tract produces pain after vagotomy. Our patients with 
vagotomy for peptic ulcer have experienced pain from strangulation of a 
Meckel’s diverticulum or from cholecystitis.2 Nevertheless, the prompt relief 
from pain of uleer after vagotomy simulates sensory denervation. The following 
tests, therefore, were undertaken to determine whether pain pathways might be 
present in the lower thoracic or abdominal distribution of the vagus nerves. 


In two patients each main trunk of the vagus at the level of the hiatus of 
the diaphragm was stimulated mechanically by pinching during transabdominal 
operation for peptie uleer under spinal anesthesia extending up to the fourth 
thoracic dermatome. Neither patient experienced pain. Stimulation of each 
main trunk three inches above the diaphragm faradically and then by pinching 
produced pain referred to-the neck in two other patients during transthoracic 
vagotomy under spinal anesthesia extending to the third and fourth thoracic 
dermatomes. The nerves were then divided. Faradie stimulation of the distal 
end had no effect, but similar stimulation of the proximal end produced pain 
referred to the neck. Physiologie section proximal to the point of electrical 
stimulus stopped this pain. As spinal anesthesia diminished in one patient, 
stimulation of the proximal end of a divided left major splanchnic nerve pro- 
duced a sensation of intense abdominal pain. 

An intact left vagus nerve was exposed in the neck of another patient using 
local anesthesia and stimulated electrically without blocking splanchnic afferents 
by spinal anesthesia. This produced pain referred to the neck and also a sensa- 
tion deseribed as ‘‘sour stomach’’ or ‘‘heartburn.’’ Because of negative results 
in patients under spinal anesthesia, it is assumed that this sensation was pro- 
duces by motor stimulation of the stomach and that the resulting discomfort was 
probably mediated by splanchnic sensory pathways. 


TRANSTHORACIC VAGOTOMY OR BILATERAL SPLANCHNICECTOMY FOR GASTRIC CRISES 
OF TABES DORSALIS 


Although the mechanism of pain during gastric crises of tabes dorsalis is not 
well established, patients have been treated variously by dorsal rhizotomy, 
chordotomy, vagotomy, and splanchnicectomy or splanchnic block. As early as 
1911, Exner’ divided both vagi in two patients without relief. It is of interest 
that both subsequently required gastroenterostomy because of ‘‘ill effects of pa- 
ralysis of the stomach.’’ Pearl® reported relief in one patient after interrupting 
sympathetic and vagal pathways traveling through the celiae ganglia by excision 
of both ganglia and removal of the adjacent periarterial sympathetic plexus. 
Our observations deal with transthoracic vagotomy in two patients and with 
bilateral splanchnicectomy in another. 
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Transthoracic vagotomy was performed in two patients with tabes dorsalis 
complicated by repeated incapacitating gastric crises. It was hoped that re- 
duction of peristalsis and volume of gastric secretions following vagotomy would 
reduce severity of attacks. The first patient, a 35~year-old man, had had attacks 
of pain at approximately monthly intervals for six years. After vagotomy, crises 
recurred with frequency and severity equal to that before operation. The second 
patient, a man of 25 years, had had attacks of pain about every other month for 
five months. After vagotomy, obstruction at the outlet of the stomach developed 
with gastric retention, and a secondary gastroenterostomy was necessary. Crises 
recurred and became more frequent and severe. Four months later a bilateral 
dorsal chordotomy was performed. Alcoholism and drug addiction led to con- 
finement in a psychiatric hospital. 

The third patient, a 29-year-old woman with gastrie crises, was treated by 
bilateral thoracolumbar sympathectomy and splanchnicectomy using the pos- 
terior Smithwick approach. She had had epigastric and right abdominal pain 
and vomiting almost continuously for ten months, most of which time she was 
in the hospital. Splanchnie block by procaine relieved pain during an attack. 
After right sympathectomy and splanchnicectomy, relief from abdominal pain 
was almost complete but nausea and vomiting continued. Several months later 
left upper abdominal pain developed to a degree equal to that originally present 
on the right. One year later a left lumbodorsal sympathectomy and splanchnicec- 
tomy were performed. Abdominal pain was then less severe, but vomiting con- 


tinued. Intractable pain then developed in the right side of the chest and neck 
and this together with lightning pains in the arms and legs led to chordotomy 
between the second and third thoracic segments. During the next two and one- 
half years the patient had less vomiting and only infrequent episodes of mild 
pain. 


RIGHT CELIAC AND SUPERIOR MESENTERIC GANGLIONECTOMY FOR 
‘BILIARY DYSKINESIA’’ 


The cause of attacks of right upper quadrant pain recurring after chole- 
cystectomy is not known. Smithwick and Chapman? have employed unilateral 
or in some eases bilateral splanchnic denervation in about a dozen patients with 
attacks of pain following surgery of the biliary tract and studied them before 
and after surgery by balloon distention tests. A little over one-half of the 
patients have been relieved for considerable periods of time. Womack? postu- 
lated that pain might be associated with neuromas which he has observed about 
the bile duct after cholecystectomy. Exploratory laparotomy is often indicated 
in ‘‘biliary dyskinesia’’ to rule out stones in the common duct, pancreatitis, or 
abnormal narrowing of the opening through the ampulla of Vater. Since pain 
frequently recurs after operation the possibility that relief might be obtained 
by interrupting sensory pathways at the time of exploration and through the 
abdominal incision has been investigated. A modification of the operation used 
for hypertension by Crile’? which removes the celiac ganglia and interrupts the 
‘*sympathetic complex’’ about the aorta has been adopted. 
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The operation is illustrated in Fig. 1. After exploration of the abdomen 
and the common duct, the gastrohepatie ligament is incised medial to the portal 
vein. The stomach and the liver are then retracted to expose the aorta near 
the celiac axis. Fibers of the periaortic sympathetic plexus are then located and 
traced to the right celiac ganglion. Occasionally the splanchnic nerve itself 
can be identified as it comes through the diaphragm and traced. The right celiae 
ganglion is then mobilized by traction and freed by division of its smaller 
branches. Traction on the ganglion and retraction of the celiac and superior 

















Fig. 1.—The celiac and superior mesenteric ganglia are exposed and removed through a 
transverse or oblique incision in the abdominal wall and a longitudinal incision in the gastro- 
hepatic ligament. 


mesenteric artery permit tracing of the larger communications to mobilize and 
excise varying portions of the left celiac and the superior mesenteric ganglia. 
The superior mesenteric ganglion often can be pulled out from under the 
superior mesenteric artery almost entirely and excised. The left celiac ganglion 
is exposed directly by dissection to the left of the celiae artery if desired. 

Four patients with recurrent episodes of right upper quadrant pain of 
the so-called ‘‘biliary dyskinesia’’ type have been treated. Each had had 
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cholecystectomy followed by recurrence of episodes of right upper quadrant 
colicky pain resembling those preceding removal of the gall bladder, Although 
jaundice had not occurred, symptoms were severe and exploration of the common 
duct was considered advisable. In each patient exploration of the abdomen 
revealed no adequate explanation for pain. The common duct was explored, 
and the ampulla of Vater was moderately dilated. T tubes were placed in the 
common duct. In two patients these tubes were injected with saline solution 
under pressure ten days after operation.* One patient experienced no discom- 
fort with pressures as high as 230 mm. water, and the other experienced only 
moderate discomfort in the left flank. 

The clinical effects of operation as determined by a short period of observa- 
tion have been variable. Good results were obtained in three of the four 
patients. The first was a 38-year-old woman who had had frequent attacks of 
‘‘gall bladder ecolic,’’ occasionally with jaundice, for two years and then 
cholecystectomy. She was told that the gall bladder contained numerous small 
stones. Fifteen days after cholecystectomy, attacks of pain without jaundice 
recurred. During the next year the longest interval between attacks was three 
weeks. Exploration of the common duct and right celiac and superior mesenteric 
ganglionectomy were then performed and during a period of observation of six 
months there have been no further attacks. 

The second patient was 28 years of age at the time of ganglionectomy. Four 
years and four months earlier the gall bladder had been removed because of six 
months of recurring episodes of right upper quadrant pain associated with 
jaundice, chills, and fever. She was told that the gall bladder did not contain 
stones. After this operation she was well for four years and then severe episodes 
of right upper quadrant pain recurred. Each episode lasted from ten days to 
two weeks and was associated with nausea but not with jaundice. After four 
months of difficulty exploration and right celiac and mesenteric ganglionectomy 
was performed. Relief from pain followed and has continued eleven months. 
Incidentally, this patient had dysmenorrhea before operation and now volun- 
tarily states that menstruation is painless. We offer no explanation of this 
statement. 

The third patient was 53 years of age at the time of removal of the right 
celiac and the mesenteric ganglia. She had had frequent attacks of right upper 
quadrant pain for twelve years. Jaundice and fever developed and the gall 
bladder was removed one year before ganglionectomy. She was told that there 
were no gall stones. Six weeks later pain recurred with episodes so frequent 
that the patient described ‘‘constant attacks.’’ During twenty-one months that 
have elapsed since ganglionectomy she has been comfortable and regained lost 
weight. There hive been two minor episodes of pain described as ‘‘indigestion”’ 
which she does not believe resemble the former pain. 

The fourth patient has had little benefit. She was 32 years of age and 
had had numerous attacks of right upper quadrant pain, without jaundice, 
chills, or fever during four years preceding ganglionectomy. <A gall bladder 


*G. B. Hodge and A. L. Messer are reporting these and other studies of the neurophysiology 
of the gall bladder. 
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containing stones had been removed after the first year of difficulty. Pain 
recurred within two weeks and persisted. Exploration and right celiae and 
mesenteric ganglionectomy were performed. Soon afterward attacks were less 
frequent and painful, but nine months after operation they were again frequent 
and severe. This patient suffers from an anxiety neurosis and is now again in 
bed much of the time with the ‘‘sick spells.’’ 

An additional patient was treated by dividing only the main trunk of the 
right splanchnic nerve beneath the diaphragm. He had had intermittent pain 
for eighteen years. Cholecystectomy had been performed fifteen years before 
this operation, and drainage of the common duct twelve years later. Severe 
attacks of pain continued. No explanation of the attacks was found during 
exploration of the common duct. Exposure was difficult due to obesity and 
faulty spinal anesthetic, and consequently the right main trunk of the 
splanchnie nerve was divided without removing the ganglia. Attacks of pain 
similar to those before operation occurred two months later and have continued. 






















VAGOTOMY AND CELIAC GANGLIONECTOMY FOR SEVERE 
UNEXPLAINED ABDOMINAL PAIN 


SUBDIAPHRAGMATIC 





Two patients with severe unexplained abdominal pain were treated by 
both celiac ganglionectomy and subdiaphragmatie vagotomy. The first patient 
was 34 years of age and had gradually developed dull, gnawing epigastric 
distress often associated with nausea and vomiting. This more or less con- 
tinuous complaint led to admission to five different hospitals and a diagnosis in 
each of ‘‘funetional bowel distress.’’ On admission no definite abnormality 
could be discovered by detailed clinical and laboratory examination. Fluo- 
roscopy revealed an increase in the peristaltic activity of the stomach and also 
occasionally reverse peristalsis of the duodenum. Sounds of accentuated in- 
testinal movement were evident by auscultation at all times. Neuropsychiatric 
consultation confirmed the impression that symptoms were related in part to 
emotional problems. The patient had occasionally received morphine for pain. 
Nevertheless, because of the seriousness of the condition, exploratory laparotomy 
was considered advisable. 

Operation was carried out under spinal anesthetic through a right trans- 
verse incision. Exploration of the entire abdomen revealed no pathology. The 
right celiac and a major portion of the superior mesenteric ganglia were re- 
moved. This produced no visible change of peristalsis. The vagus nerves and 
their branches were exposed at the hiatus of the diaphragm and excised. Fol- 
lowing this, peristalsis of the stomach ceased and the organ assumed a globular 
shape but did not dilate. Active peristalsis was evident in the duodenum and 
in the small intestine and colon. 

Since operation epigastric pain and nausea have not recurred during a 
period of observation of seven months. This patient was readmitted, however, 
twenty days after operation because of difficulty in swallowing as a result of 
food lodging in the lower esophagus. Barium swallow revealed no evidence of 
obstruction. These symptoms subsided after several days and have not recurred. 
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The patient was again admitted one month later because of emotional instability 
diagnosed as ‘‘simple adult maladjustment.’’ She had been demanding mor- 
phine. After two weeks on the psyeliiatrie service she returned home and 
has sinee returned to work, without medication, relieved of all former complaints. 
It is of interest that exaggerated peristaltic sounds are still audible and that 
transit time through the small intestine is rapid as judged by roentgenograms 
taken after ingestion of barium. Also, acidity of fasting gastric secretions has 
not been reduced and insulin hypoglycemia effected an increase of free acid 
to 80 clinical units. 

The seeond patient with severe unexplained abdominal pain was 30 years 
of age at the time of vagotomy and ganglionectomy. Epigastric pain had 
occurred in progressively more frequent and severe attacks during three years 
and had been continuous for six months. Nausea or vomiting had not occurred. 
Sounds of intestinal movement were exaggerated. The fluoroscopist reported 
spasm of the second portion of the duodenum. Otherwise detailed examina- 
tion revealed no definite abnormality. Exploration was considered advisable. 
At operation there was no evidence of disease and right celiac and mesenteric 
ganglionectomy and vagotomy was performed. Relief from pain followed and 
has persisted six months. There was marked reduction of free acid in the 
secretions of the fasting stomach. Also there was no elevation of free acid after 
insulin hypoglycemia or caffeine test meal. Fluoroscopic examination revealed 
sluggish gastric peristalsis with retention of 95 per cent of the barium after 


six hours. This patient has returned to heavy manual labor and is well satisfied 
except for the occasional occurrence of malodorous regurgitation of gas and a 
sensation of fullness of the stomach after eating large meals. 


CELIAC GANGLIONECTOMY FOR CHRONIC PANCREATITIS 

Whipple’’ has recently reviewed the surgical treatment of pancreatitic fibro- 
sis associated with caleareous deposits and emphasized the seriousness of chronic 
intractable abdominal pain. This disease is ordinarily treated by subtotal to 
total pancreatectomy. There is a possibility that pain may be relieved by divi- 
sion of the splanchnic nerves. Smithwick’*® described relief from pain in one 
patient after right thoracolumbar splanchnicectomy. It is of interest that 
Marion,’* Reyes, and others have described relief from. pain of acute pan- 
creatitis by splanchnic block using novocain. Our observations are limited to 
one patient. He was 33 years of age at the time of operation and for four years 
had had recurrent episodes of severe pain referred to the back and the epigastric 
region. During this time he had received hypodermie injections and had fre- 
quently taken aleohol. The last attack had continued seven weeks. He was 
formerly obese and had lost 128 pounds. At the time of operation he weighed 
139 pounds. X-ray examination revealed patchy areas of calcification through- 
out the pancreas. The pancreas observed during operation was enormously 
enlarged and veins in the transverse mesocolon and about the pancreas were 
dilated and tortuous. There were also numerous adhesions. Pancreatectomy 
was not considered feasible. Removal of both celiac ganglia and of the superior 
mesenteric ganglion was performed. 
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Following operation pain was relieved for five months. During the next 
six months, however, four episodes of severe back pain occurred, each requir- 
ing hospitalization. The patient has arthritis of the thoracic and lumbar spine, 
but during the last attack pain was also referred to the epigastrium. 








DISCUSSION 









The miscellaneous studies and the operations described in this preliminary 
report were undertaken to reinvestigate pathways for abdominal visceral pain 
and to determine whether operations designed to interrupt these pathways 
might have clinical value. 

Evidence obtained by stimulation of the vagus nerves supports the con- 
cept that abdominal visceral pain is transmitted by sensory afferents through the 
splanchnic nerves and not through the vagus nerves. 

Transthoracic vagotomy in two patients suffering with gastrie crises of 
tabes dorsalis has not relieved pain, has led to gastric retention, and, therefore, 
seems contraindicated in this condition. Bilateral splanchnicectomy gave some 
relief from pain of gastric crises in one patient but recurrence of pain else- 
where subsequently led to chordotomy. It, therefore, seems probable that 
although splanchnie block by novocain may give temporary relief during attacks, 
splanchnicectomy may be less advisable than chordotomy. 

Right celiac and partial left celiac and superior mesenteric ganglionectomy 
have been employed during exploratory laparotomy in four patients suffering 
from so-called ‘‘biliary dyskinesia.’’ Three patients have been relieved of 
pain. This operation is not associated with serious disturbances of gastro- 
intestinal function and may be of value when exploration has been performed 
without finding a stone in the common duct or other cause for pain. 

Celiac ganglionectomy and subdiaphragmatiec vagotomy were both per- 
formed in two patients with severe unexplained abdominal pain, the cause of 
which was not found at operation. Although both patients had relief from 
pain, symptoms of gastric retention occurred. It seems probable, therefore, 
that ganglionectomy without vagotomy might be a better procedure. Ganglion- 
ectomy has partially relieved pain from chronic or recurring pancreatitis 
in one patient after laparotomy had demonstrated contraindications to pan- 
























createctomy. 

It is recognized that pain is a subjective observation and that controls have 
not been possible to determine whether psychotherapeutic suggestion has played 
a role in the relief of pain described. It is also recognized that observations 
have been limited to a few patients observed only a short period of time. 
Nevertheless, since patients occasionally present problems of chronic abdominal 
pain sufficiently serious to warrant exploratory laparotomy and since operation 
does not always reveal the cause of pain, it is possible that subtotal to total 
excision of the celiac ganglia and of the superior mesenteric ganglion might 
be utilized as a supplement to exploration for relief from pain in these indi- 
viduals. It is recommended that this operation be employed only after careful 
medical and psychiatric investigation and management have been undertaken 
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and definite indications for exploratory laparotomy established. Ganglionectomy 
may be of value in patients suffering pain from visceral disease that cannot be 
treated surgically otherwise. 


CONCLUSIONS 


1. Preliminary observations suggest that excision of the right celiae gan- 
glion and of part or all of the left celiac and the superior mesenteric ganglia 
will significantly interrupt pain pathways from the abdomen and can be used as 
an adjunct to exploratory laparotomy for relief from chronic pain arising 
from the abdominal viscera. 

2. Vagotomy should not be employed for gastric crises of tabes dorsalis 
and probably should not be used at the time of ganglionectomy for visceral pain. 
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HE operation of vagotomy for peptic ulcer has been widely used since its 

revival by Dragstedt and Owens in 1943. The modern procedure differs from 
most of its predecessors in that it is undoubtedly more complete and is performed 
only near the level of the diaphragm. The nerves may be sectioned just above 
the diaphragm (transthoracic approach) or just below it (transabdominal ap- 
proach). Others workers who have contributed to the recent study of this 
procedure include Weinstein, Colp, Hollander, and Jemerin (1944); Moore, 
Chapman, Schulz, and Jones (1946) ; Ruffin, Grimson, and Smith (1946) ; Brad- 
ley, Small, Wilson, and Walters (1947), and Miller and Davis (1947). It is felt 
that because of the current interest in the subject the report of any studies, 
either clinical or experimental, is appropriate at the present time. 














EXPERIMENTAL STUDIES 





In our laboratory, five types of experiment were performed. Three of these 
showed no effect of the test procedure on the incidence of histamine-provoked 
ulcer in the guinea pig. These negative experiments included: transabdominal 






vagotomy; aqueous benadryl solution by mouth; benadryl-in-beeswax subeu- 
taneously. 

The histamine ulcers were produced by the standard method of Vareo, Code, 
Walpole, and Wangensteen (1941) using a histamine-mineral oil-beeswax mix- 
ture. None of the three methods previously listed prevented gastric ulceration 
in the guinea pigs. However, the possibility remains that if the doses of hista- 
mine were reduced to a level that would barely produce ulceration in the con- 
trols, vagotomy or benadryl might then have prevented or reduced the incidence 
of ulceration. We used full doses of histamine-in-beeswax and found no effect. 
Since starting these experiments, Friesen, Baronofsky, and Wangensteen (1946) 
reported that benadryl-in-beeswax fails to prevent histamine-provoked ulcers 
in dogs. 

The other two types of experiment which gave more positive results are as 
follows: 

The Effect of Vagotomy on the Development of Jejunal Ulcers in the Mann- 
Williamson Dog.*—Beaver and Mann (1931) reported that three control Mann- 
Williamson dogs developed ulcer (100 per cent); whereas of three such dogs 
with supplementary transthoracic vagotomy, only two developed uleer (67 per 
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TABLE I. THE EFFECT OF TRANSTHORACIC VAGOTOMY ON ULCER DEVELOPMENT IN THE 
MANN-WILLIAMSON DoG* 








NUMBER OF 5; EE gh NUMBER OF 
DOGS ULCERS PER CENT 


3 Control Mann-Williamson 3 100 
3 Vagotomized Mann-Williamson 2 67 


*Beaver, M. G., and Mann, F. C.: Ann. Surg. 94: 1116-1118, 1931. 








cent) (see Table I). The importance of this experiment is so obvious that it 
was thought advisable to repeat it using a larger number of animals. 

The typical Mann-Williamson operation described by these authors in 1923 
involves a transection of the pylorus and of the jejunum. The duodenal stump 
is closed, the open end of distal jejunal loop anastomosed to the pyloric end of 
the stomach, and the open end of the proximal jejunal loop to the distal ileum. 
This technique provides a gastrojejunostomy with no chance for neutralization 
of the gastric juice by bile, pancreatic secretion, or other duodenal juice. Most 
of the dogs with such an operation develop a typical jejunal ulcer, usually about 
1 em. away from the suture line, and die from perforation, hemorrhage, or inani- 
tion in from one to three months. 


TABLE IT. THE EFFECT OF TRANSTHORACIC VAGOTOMY ON THE DEVELOPMENT OF 
JEJUNAL ULCERS IN MANN-WILLIAMSON Docs 








NUMBER AVERAGE 
OF DOGS (DAYS ) PER CENT 








23 Mann-Williamson 
13 controls 
11 developed ulcer, survival 29 to 161 days 64 
2 died with no ulcer, survival 55 to 145 days 100 
9 With vagotomy 
1 developed ulcer, survival 41 days 
8 had no ulcer 
6 dead (28 to 197 days) 118 
2 living (206 to 430 days) 318 


_ 8 total (28 to 430 days) _ 168 








As seen in Table II, in our series of thirteen control Mann-Williamson 
operations, eleven dogs died with ulcer (85 per cent) after 29 to 161 days 
(average interval, 64 days) following the operation. Two dogs, dying 55 and 
145 days after the operation, had no ulcer. In the series of nine dogs with the 
Mann-Williamson operation plus a supplementary transthoracic vagotomy, only 
one died with ulcer (11 per cent) forty-one days after operation. Six of these 
dogs died from 28 to 197 days (average interval, 118 days) following the Mann- 
Williamson operation and presented no signs of ulcer. Two additional dogs with 
the combined procedure were still alive 206 and 430 days after the Mann- 
Williamson operation, an average of 222 days. It should be pointed out that 
in the control series no animals were included unless they lived at least four 
weeks after the Mann-Williamson operation. 

The Prevention by Vagotomy of Pyloric Ligation-Induced Ulcers of the 
Gastric Rumen of Rats—In 1945, Shay and associates reported that within 
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fifteen hours of pyloric ligation, rats which have been previously starved regu- 
larly develop multiple hemorrhagic ulcerations of the gastric rumen. In some 
instances, ulcers of the fundus are also observed. To our knowledge, the effect 
of vagotomy on the development of such ulcers has not been previously re- 
ported. 

Technique.—Littermate albino rats of the Sprague-Dawley strain weighing 
about 200 grams were starved for seventy-two hours, but were allowed water ad 
libitum up to the time of pyloric ligation. During the entire experiment the 
animals were kept in cages with wide mesh wire bottoms to prevent eating of 
excreta. 

The operative procedure was performed under intraperitoneal pentothal 
anesthesia supplemented by a small amount of ether by inhalation. With aseptic 
precautions, the stomach was exposed through a short vertical epigastric incision 
and the pylorus was snugly ligated with a double ligature of silk in all animals. 
In the vagotomized half of the series, the vagus nerves were ligated infra- 
diaphragmatically where they lay in proximity to the esophagus. This was done 
by the method similar to that which one of us (H. N. H.) learned in the labora- 
tory of Dr. C. Heymans in Ghent for another purpose. Heymans’ technique of 
ligating the nerves to the carotid sinus was to put the ligature under the carotid 
arteries and then to ligate everything else. In the present experiments, the 
ligature was put under the carefully freed esophagus, and then all contiguous 
fibers except the esophagus were tied. In the control rats, the esophagus was 
carefully freed from the surrounding nerves exactly as for vagotomy, except 
that nothing was tied. The abdominal wound was then resutured and the 
animals were returned to their cages. They were then either sacrificed with ether 
at the end of about twenty-four hours or kept alive as long as possible (with 
almost daily injections of 10 to 15 c¢.e. of glucose-saline solution) to determine 
the length of survival. 

Twenty-four hour results: All of the seventeen rats in the control series 
had uleers of the gastric rumen and seven of them had, in addition, uleers of 
the fundus of the stomach. As seen in Table III, there were 346 small uleers and 
37 large ulcers (that is larger than 4 mm. in their greatest diameter). There was 
an average of twenty-two ulcers of the rumen in each rat. One animal had a 
perforated ulcer at the time of death thirty-one hours after operation. His- 


TABLE III. THE EFFECT OF VAGOTOMY ON ULCER DEVELOPMENT IN THE RAT’S GASTRIC 
RUMEN AFTER PYLORIC LIGATION (TWENTY-FOUR HOUR RESULTS) 





a Sos 
CONTROL VAGOTOMIZED 
RATS 





Small ulcers 346 0 
Large ulcers (> 4 mm.) 

Perforations 

Fundus ulcer present 

Volume gastric fluid (c.c. 

Free acid units (av.) 

Total acid units (av.) 
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tologically, the uleers were deep, some involved most of the layers of the stomach 
wall, and there was an associated extensive edema. On the other hand, in the 
fifteen vagotomized rats there were no ulcers of the rumen or fundus and there 
was no edema of the stomach wall demonstrable on microscopic examination. 

The control animals had an average of 14 ¢.c. of fluid in the stomach while 
the vagotomized rats averaged 7 c.c. In the control series the gastric fluid was 
more acid than in the vagotomized animals (free ‘acid 17 and 7 units, respec- 
tively ; total acid 81 and 56 units) .* 

Results of survival experiments: Six rats with pyloric ligation survived an 
average of forty-six hours, whereas seven rats with pylorie ligation plus sup- 
plementary infradiaphragmatic vagotomy survived an average of ninety-seven 
hours. 

Comment.—Irrespective of whether the lesions produced by pylorie ligation 
are ulcers or deep hemorrhagic erosions, at least they are prevented by vagotomy 
during the twenty-four hour time limit under discussion. Neither diminished 
acidity nor decrease in the volume of gastric contents is the only factor which 
will explain the beneficial effect of vagotomy. Certain control rats developed 
uleers despite a lower acidity or a lower volume of gastrie contents than was 
observed in certain vagotomized rats, none of which had ulcerations. 


PRELIMINARY CLINICAL OBSERVATIONSt 


Vagotomy of the modern complete type was done for peptic ulcer in the 


Johns Hopkins Hospital in only two instances before May 14, 1946. Both of 
these preliminary operations, in 1945, were performed through the right side of 
the chest, and were accompanied by bilateral splanehnicectomy. Both patients 
had a recurrence or a development of a new peptic uleer. 


On May 14, 1946, Shumacker did the first of the new series of vagotomies 
for peptic ulcer and up to Feb. 1, 1947, a total of thirty-six operations had been 
performed, including the two done in 1945. As seen from Table IV, the cases 
fall into several groups as far as the type of operation is concerned, so that it is 
difficult to compare the results of the different procedures. It can be said very 


TABLE IV. CLINICAL VAGOTOMIES—THIRTY-SIX CASES (SEVEN PRIVATE, TWENTY-NINE 
WARD CASES) 











OPERATION NUMBER OF CASES 








Vagotomy alone 15 
Transabdominal, 4 
Transthoracic, 11 
Transabdominal vagotomy plus shunt 
Gastroenterostomy, 6 
Pyloroplasty, 2 
Vagotomy plus gastric resection 
Transabdominal, 11 
Previous transthoracic vagotomy plus 
splanchnicectomy (in 1945), 2 


*The gastric analyses were performed by Mr. Stuart R. Elliott, IT. 
+The authors acknowledge the cooperation of Dr, Thomas Johns, Dr. Moses Paulson, Dr, 
William E. Grose, and Dr. Eugene Gladsden, 
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tentatively that the vagotomies performed with shunts or gastric resections have, 
on the whole, done better than when no complementary procedure was per- 
formed. The vagotomies with gastric resection have differed little from the 
postoperative course of a similar group of gastric resections alone (Grose and 
Johns). A careful follow-up study has been made and is still in progress concern- 
ing the entire series. On the basis of this study a few preliminary observations 
ean be made. 

Of the total thirty-six cases, twenty-eight patients have been seen in the out- 
patient department within the past two months. A postoperative insulin test by 
the method of Hollander (1946) has been done on seventeen patients with: 
fourteen nonreactive findings and three reactive tests. Of the three reactive 
cases, two patients have been reoperated upon with positive findings of remain- 
ing or recurrent ulcer. One transthoracic patient had a reactive (positive) 
insulin test, but is doing as well symptomatically as any patient in the entire 
series. 


The symptomatic results of the operation are: 


(1) Marked relief of pain 
(2) Relative diarrhea 
(3) Delayed gastrie emptying time 


The relief of pain has been an almost constant finding and oceurs quite 
promptly. The patients are, on the whole, very grateful for this relief and con- 
sider its benefits as greater than the disadvantages of some of the other maltoward 
symptomatic effects. The relative diarrhea has been noted in about four-fifths 
of the cases. Since some patients were constipated before operation, it may 
manifest itself in these cases by a restoration of normal bowel habits, whereas in 
those patients who were normal in this regard before operation, a true and 
occasionally troublesome diarrhea develops. In general, this symptom improves 
as the time since operation grows greater. 

Delayed gastric emptying time has been noted in many eases. Urecholine 
Some patients have a 
symptomless gastric distention, whereas others vomit frequently. Again, this 


has been tried in three eases and has given some relief. 
symptom abates in the late postoperative period. 

Four cases in the series of thirty-six can already be classed as clinical 
failures. As previously stated, if the insulin test is an accurate index of the 


completeness of vagotomy, in two of these patients the vagotomy was not com- 
plete and the failure cannot be blamed on the procedure. The four cases are 


reported here. 


Case 1—A man aged 31 years, had continued pain despite a transthoracic vagotomy 
on Aug. 13, 1946. One insulin test showed a nonreactive state, while the second was positive 
or equivocal, An active duodenal uicer was found at the second operation and a gastrie 


resection was done. 
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CASES 2 AND 3.—Two patients with coincident splanchnicectomy both had secondary 
resections, In one instance a large gastric uleer was found at the secondary operation. The 
insulin test was reactive in one case and was not done in the other. 


Case 4.—J. H., a 59-year-old man, a clerk, had severe postprandial pain for two 
months. Roentgen examination revealed a penetrating ulcer of the lesser curvature of the 
stomach. 

First Admission.—At laparotomy on July 1, 1946, an anterior gastric ulcer midway up 
the lesser curvature was biopsied. Chronic inflammatory tissue was the only finding and there 
was no sign of malignancy. An abdominal vagotomy was done and the ends of the nerves 
were sutured to the diaphragm. The patient was discharged on July 18, 1946, with no 
symptoms, although roentgen examination showed definite gastric retention. 

Interval.—The patient developed diarrhea, a sense of fullness, and vomiting, but had 
absolutely none of the old ulcer pain and he gained nine pounds in weight. Roentgen 
examination showed a twenty-four hour retention and gastroscopy showed a fifteen-hour reten- 
tion. An insulin test done on Sept. 13, 1946 (with a hypoglycemia of 22), showed no free 
acid (negative: nonreactive). 

Second Admission.—After three days of constant suction, a laparotomy was performed 
on Feb. 6, 1947. The stomach was found to be small, the gastric ulcer was healed leaving 
only a small scar, and the pylorus easily admitted the tip of an index finger. A gastro- 
enterostomy was performed. 


Comment.—This case.is of especial interest since it shows that the gastric 
distention and delayed emptying time following vagotomy can occur independ- 
ently of true cicatricial pyloric obstruction. 


SUMMARY 


1. In a series of thirteen control Mann-Williamson dogs, the incidence of 
jejunal ulcer was 85 per cent. In a series of nine Mann-Williamson dogs with 
transthoracic vagotomy, only one (11 per cent) developed jejunal ulcer. 

2. Pylorie ligation-induced ulcers of the gastric rumen of rats developing 
within twenty-four hours were prevented by transabdominal vagotomy (control 
series: 346 ulcers in 17 rats; vagotomized series: 0 ulcers in 15 rats). 

3. The duration of life of pylorus-ligated rats was lengthened by vagotomy 
(control series: forty-six hours; vagotomized series: ninety-seven hours). 

4. Neither the decrease in volume nor in acidity of the gastrie fluid after 
vagotomy entirely explains the lack of ulceration in these rats. 

5. In a series of thirty-six clinical vagotomies, thirty-four of which have 
been performed during the past nine months, there have been four failures of 
the operation (11 per cent). 

6. The triad of symptom-changes produced by the procedure in clinical 
cases includes relief of pain, relative diarrhea, and delayed gastric emptying. 
The gastric distention occurred in one case entirely independently of any pos- 
sible pyloric scarring or stenosis. 
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EXPERIENCES WITH VAGECTOMY FOR PEPTIC ULCER 


WITH REPORT OF AN UNSUCCESSFUL CASE 


RIcHARD WARREN, M.D., West Roxpury, Mass. 


(from the Veterans Administration Hospital, West Roxbury, Mass., and the Department of 
Surgery, Harvard Medical School, Boston, Mass.) 


Peete doctors in the Department of Medicine and Surgery of the Veterans 
Administration there is an impression that the incidence of peptic ulcer in 
veterans hospitals is high. This impression is borne out by the fact that the per- 
centage of patients with peptic ulcer discharged from the West Roxbury 
Veterans Hospital during the first three years of its activity was 6.7 per cent, 
a figure considerably higher than the percentage incidence of the same con- 
(ition among admissions to civilian hospitals. The highest figure that can be 
found in the literature for the incidence of peptic ulcer among admissions 
to a civilian hospital is that of 4 per cent as reported by Emery’ for the Peter 
Bent Brigham Hospital. Most other reported figures are much lower, for 
example, that of Kantor** who cited 0.77 per cent for Bellevue Hospital for 
the year 1931. 

Although there are many possible explanations as to why the Veterans 
Administration should see and treat a large number of these patients, the most 
cogent one is the fact that the patients are predominantly male. Clinical 
statistics show that the frequency of peptic ulcers among men is four- to five- 
fold that in women.'* *® A search for other reports which emanate from hos- 
pitals having essentially a male population brings to light that of Chamberlin," 
who gave a figure of approximately 2.79 per cent as the incidence of ulcer in 
a large army general hospital in the United States in war time. The logical 
explanation as to why the incidence in Chamberlin’s male population should 
be lower than in ours is that the average age of a group of patients in an army 
hospital in war time is, by definition of the word ‘‘veteran,’’ younger than 
that in a veterans hospital. Emery and Monroe'® have stated that the average 
age at onset of peptic ulcer is 35 years. That the average age of a hospital 
population can on this basis alter the incidence figures is shown by the fact that 
the percentage of peptic ulcer among our patients in the first two and one- 
half years of this survey was 7.4 per cent (624 ulcers in 8,148 hospital 
discharges). During this time an average of 38.1 per cent of the hospital 
population was made up of veterans of World War II. For the last six 
months of the three-year period, when this figure rose to 57.0 per cent, the 
incidence of ulcer fell to 4.1 per cent (91 ulcers in 2,221 hospital discharges). 

These considerations are not meant to infer that the incidence of ulcer 
is higher among soldiers than among civilians. MHalsted** and Tidy*’ have 
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Surgery, Veterans Administration, who assumes no responsibility for the opinions expressed or 
conclusions drawn by the author. 
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effectively shown that such is not the case. It is intended to emphasize that 
in dealing with an entirely male population one should expect to see 60 per 
cent more peptic ulcers than one encounters in a hospital population which 
is of the same magnitude but made up half of men and half of women. 

The revival, improvement, and practical application by Dragstedt,’* and 
later by Moore and associates,** of the operation of vagectomy first practiced for 
gastroduodenal disorders by Exner and Schwarzmann in 1915,?° Birecher in 
1920,’ Latarjet in 1921,°° MeCrea in 1925,°1 Hughson in 1930, Pieri in 
1932,°* and by Weinstein and co-workers in 1944,** has offered new hope in 
decreasing this large amount of disability. It is the purpose of this paper to 
report our experiences with the results of the operation as applied to fifteen 
patients suffering from duodenal or stomal ulcer. 

Selection of Cases——Table I shows the total surgical statistics relative to 
peptic ulcer for the six months, July to December, 1946, during which most 
of these operations were performed. It can be seen that more than one-half 
the patients with duodenal ulcers operated upon during this period were sub- 
jected to vagectomy. Basing our criteria for operation largely on the recom- 
mendations of Dragstedt and of Moore and associates, it was initially decided 
that we should accept for surgery only those patients who were young, un- 
controlled on medical therapy, who had a high degree of stress sensitivity, a 
gastric secretion high in acid with a copious amount of night secretion, and who 
presented no cicatricial pyloric obstruction. Made enthusiastic by the ability 
of this procedure to heal ulcers in our first few cases, we shortly expanded the 
indications for vagectomy to include other patients who needed surgery for 
duodenal ulcer. 















TABLE I. SURGERY FOR PEPTIC ULCER, JULY 1, 1946, To Dec. 31, 1946, aT THE 
VETERANS ADMINISTRATION HOSPITAL, WEST ROXBURY, MASS. 




















DUODENAL STOMAL GASTRIC 
ULCER ULCER ULCER TOTAL 

Subtotal gastrectomy 7 1 6 14 
Vagectomy 9 4 13 
Vagectomy combined with gastroenterostomy 1 1 
Suture perforation 2 2 
Total operations 30 

91 





Total peptic ulcers discharged 





In order to adopt a consistent policy in our first cases we have considered 
the following as contraindications for inclusion in this series. (1) Recent 
massive hemorrhage in patients over 45 years or active bleeding at the time 
of surgery at any age; (2) diagnostic uncertainties produced by conflicting 
x-rays, such as whether the ulcer was on the gastric or duodenal side, unusual 
duodenal deformities, or occasionally whether an ulcer was present at all; (3) 
obviously poor mechanical situations resulting from ill-advised previous surgery 
such as a high anterior gastroenterostomy; and (4) pyloric obstruction. 
Under these criteria, therefore, there may be included for vagectomy some of 
those intractable eases in the middle-aged group without copious night secretion 
and others with complicating factors such as chronic alcoholism, Buerger’s 
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disease, and psychoneurosis. Such patients fall in the group so well described 
by Allen,’ who said, ‘‘Some of them may be aided by the psychiatrist, while 
others are actually not willing to help themselves or do not possess the intellect 
to carry on their job and take care of their malady.’’ 

For purposes of study we have arbitrarily placed our patients in three 
groups. The first two groups were from the reports of others considered to 
be favorable, Group I being the young patients with hypersecretion, Group II 
being the patients with stomal ulcer following an earlier gastrojejunal anasto- 
mosis. Group III is the theoretically less favorable group mentioned previously. 
Although two patients in addition to these fifteen underwent vagectomy, they 
had a simultaneous gastroenterostomy for pyloric obstruction and, therefore, 
are not included in the series. From fear of mistaking a carcinoma for an ulcer 
no patient with a gastric uleer was operated upon by vagectomy with the ex- 
ception of one who had a stomal ulcer which appeared to be slightly on the 
gastric side of the stoma. This had nearly healed on medical treatment before 
the vagectomy was performed. 

Technique of Operation The transthoracic route was used in all but one 
case. Moore’s modification of Dragstedt’s’*? technique was employed. The 
thorax was entered through the periosteal bed of the eighth rib, the mediasti- 
num opened, and through the esophageal hiatus of the diaphragm both vagi 
were divided at a point 2 em. below the cardiac orifice of the stomach. They 
were mobilized up to a point more than halfway between the diaphragm and 
the lung root, a 2 em. segment of each nerve was resected, and the proximal cut 
ends were incarcerated together in a silk cylinder which was sutured intrapleu- 
rally with the ends pointing upward. Reinspection of the esophagus was then 
performed to make certain that a 5 em. circumferential segment just above the 
diaphragm was completely free of additional longitudinal nerve filaments of 
which there were often three or four. Transdiaphragmatic invasion of the 
peritoneal cavity as advocated by Moore was abandoned after the first two 
cases since it did not seem to afford any additional necessary exposure. Local 
procaine was used in the region of the nerves before mobilization in most cases. 

In one patient of this group and in two additional patients who, because of 
associated procedures, were not included, the transabdominal route was used. 
In these three the technique of Dragstedt was used with the addition that in 
two of them the nerve ends were incarcerated in a silk cylinder as in the trans- 
thoracic operation. 

Early Complications.—There was one patient who developed minor atelec- 
tasis. One patient developed contralateral pneumothorax and mediastinal 
emphysema. Ten had a considerable amount of postoperative hyperpyrexia 
amounting to 101° to 102° F. for three or four days. Most had annoying post- 
operative chest pain. One developed subdeltoid bursitis. Three patients de- 
veloped symptomatic postoperative gastric retention. Two of these consisted of 
one episode of vomiting. The third suffered exacerbation of a duodenal ulcer 
and developed two gastric ulcers in addition. One of the patients not included 
in this series developed periarteritis nodosa in the early postoperative course 
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and died of that disease nine months after vagectomy. No etiological relation- 
ship between the ulcer or the operation and the fatal disease could be estab- 
lished either clinically or at post-mortem examination. 

Results of Operation.—Results of the operation are shown in Table II. All 
but three of the fourteen patients who have been recently examined after hav- 
ing recovered from the complications just described are clinically well one to 
eight months postoperatively. One of these is the patient who developed a flare- 
up of the duodenal ulcer and two additional gastric uleers. He came to gastric 
resection seven weeks after vagectomy. The postoperative course following this 
was uneventful. The other two patients are suffering from gastric retention 
manifested by vomiting once or twice a week six months after vagectomy. They 
have been advised to undergo gastroenterostomy and will do so as soon as they 
can take time off from their work. 

Postoperative x-ray examinations, both within ten days and in certain cases 
four to five months postoperatively, have shown, with two exceptions, no ulcer 
craters remaining. The deformity of a ‘‘duodenal cap’’ does not disappear. 
All the stomal ulcers have healed. The two exceptions are the patient who came 
to gastric resection and another whose ulcer crater was much smaller but two 
weeks postoperatively had not healed. A later examination is not available. 

All patients have in the later postoperative period shown an increased 
appetite and ability to hold or to gain weight. 

Effect on Gastric Secretion and Motility—tTables III, IV, V, and VI 
give the gastric acidity and volume of night secretion before operation and in 
the early and later postoperative periods. In the routine clinical performance 
of these tests a large margin of error is to be expected due to regurgitation of 
duodenal juice, swallowing of saliva, or failure of proper functioning of the 
tube. This latter consideration is more serious in patients following vagectomy 
because of the retention in the stomach of particulate matter which is diffi- 
cult to evacuate through any tube. Figures derived from these tests may, how- 
ever, be taken to reflect trends since they seem to be comparably consistent in 
different patients. In general, the volume of night secretion and the acidity 
were decreased postoperatively as has been described by Dragstedt. 


TABLE III. COMPARISON OF TWELVE-HOUR NIGHT SECRETION BEFORE VAGECTOMY WITH THAT 
IN THE EARLY POSTOPERATIVE PERIOD (FOURTEEN DAYS) IN THIRTEEN PATIENTS 








PREOPERATIVE C.C. POSTOPERATIVE C.C. 

1,100 990 
1,900 525 
1,560 400 
1,350 1,000 

900 100 
1,500 550 
1,300 200 
1,300 1,060 

450 75 

400 400 
1,700 750 

375 300 
1,550 150 

Average 1,184 c.c. 500 e.c. 
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TABLE IV. COMPARISON OF TWELVE-HOUR NIGHT SECRETION BEFORE VAGECTOMY WITH THAT 
IN THE LATER POSTOPERATIVE PERIOD (OVER TWO MONTHS) IN FIVE PATIENTS 
FOLLOWING VAGECTOMY* 
























a PREOPERATIVE C.C, POSTOPERATIVE C.C. 
1,350 800 
1,300 850 
1,300 900 
1,100 750 
1,560 675 








Average 1,322 ¢.c. 795 cc. 








*In no case was a gastrojejunostomy present. 






TABLE V. COMPARISON OF TITRATABLE FREE Acipiry BEFoRE VAGECTOMY WITH THAT IN THE 
EARLY POSTOPERATIVE PERIOD (UNDER FOURTEEN Days) AFTER VAGECTOMY IN 
THIRTEEN PATIENTS 















PREOPERATIVE UNITS OF FREE ACID POSTOPERATIVE UNITS OF FREE ACID 






















44 36 
30 0 
74 16 
42 0 
19 22 
11 0 
33 be 
21 21 
80 13 
0 0 
26 40 
75 7 
40 25 
23 0 
50 40 
Average 43.7 units 22.6 units 














TABLE VI. COMPARISON OF THE FASTING FREE ACIDITY IN THE GASTRIC JUICE BEFORE 
VAGECTOMY WITH THAT IN THE LATER POSTOPERATIVE PERIOD (OVER Two MONTHS) 
IN FIVE PATIENTS FOLLOWING VAGECTOMY* 


























PREOPERATIVE UNITS OF FREE ACID POSTOPERATIVE UNITS OF FREE ACID 
19 12 
21 0 
80 51 
44 10 
33 0 Fo 
Average 39.4 units 14.6 units 








*In no case was a gastrojejunostomy present. 











The character of the gastric residual was of interest. On aspirating the 
stomach in the morning following an overnight fast characteristically there 
were collected 100 to 200 ¢.c. of residual fluid containing a suspension of partic- 
ulate matter, vegetable fibers, fruit husks, and other solids which could be recog- 
nized as material ingested as long as three days before. 

Information with regard to the motility of the stomach was derived wholly 
from x-ray observation of the barium meal. In the fasting stomach a fluid 
level was often seen by fluoroscopy. As a rule the initial barium left the stom- 
ach within less than two minutes, but the stomach did not empty completely 
for twenty-four hours (Fig. 1). Peristalsis seemed active, occasionally not so 
much as in the normal, but was never completely absent.* 
















*I wish to acknowledge the assistance of Dr. Egon Wissing who performed the x-ray 


examinations. 
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Fig. 1.—Barium meal performed twelve days following transthoracic vagectomy. A, 2 
minutes; B, 10 minutes; C, 1 hour; D, 24 hours following ingestion. Note barium in duodenum 
in A and in jejunum in B, normal peristaltic waves in A and B, decreased waves in C and D, 
and normal gastric tonus. 
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DISCUSSION 







Selection of Cases—It might be argued that the stated indications for 
vagectomy could be expanded in two respects. In the first place if the opera- 
tion of vagectomy will heal duodenal ulcers so rapidly in other patients, will 
it not also do so in the older group who have recently bled? It has seemed to 
us that in view of the higher mortality? in the older group of massive bleeders 
a recurrence of hemorrhage could easily cause serious trouble before the ulcer 
was able to heal. Second, why not include the patients with pyloric obstruction 
and perform a concomitant gastroenterostomy as recommended by Dragstedt??? 
This is a debatable point. When the operation of vagectomy can be considered 
as no longer on trial this is a logical next step. Until that time it has seemed 
to us unwise to combine an operation which is on trial with one which, as a 
routine treatment of duodenal ulcer, has been found to carry an incidence of 
jejunal ulcer of about 10 per cent. * 1% 2% 25 











Techuque.—With regard to the technique of operation two points should 
be made. The first is, as McCrea has shown, that the anatomy of the vagus 
nerves in the region of the lower esophagus is not that of two isolated longi- 
tudinal nerve trunks. The esophageal plexus makes complete resection of all 
fibers above a level about 5 em. above the diaphragm nearly impossible. For 
complete resection of the anterior and posterior vagus trunk, therefore, atten- 
tion is best directed to the lower 5 cm. of the esophagus. The second point is 
that unless there are contraindications to the transthoracic route, such as the 
necessity for adequate exploration of the duodenum either in a new ease to de- 
termine the character of the lesion or in a patient who has had a gastric resec- 
tion to determine the presence or absence of a noxious antral remnant,* * 
adequate resection by this route is technically somewhat easier, and in our 
opinion is to be preferred.* 

Complications.—Most of the complications we have experienced have been 
described by Grimson and associates.?* Most of them have left no residual and 
have not affected the final result.. Exceptions are the patients who developed 
gastric ulcers and the other, not in this series, who developed periarteritis 
nodosa. 

We have no trouble with bradycardia or cardiac standstill as reported by 
Moore and co-workers*® and by Weeks and associates.*t We have taken con- 
tinuous electrocardiograms during vigorous manipulation of the vagi which 
have had no novoeain injected in them. These have shown no alteration in the 
tracings. In view of the fact, however, that there is evidence from work on 
animals’® that stimulation of the vagi distal to the lung roots will cause brady- 
cardia we have not used this as sufficient evidence to omit routine procaine in- 
filtration of the nerves. 


























*More recent experience with the transabdominal incision since this report was prepared 
has led us to feel that it, too, is quite satisfactory. It is probable that each incision will con- 
tinue to hold a place. One of our recent patients, in whom there were indications for the trans- 
abdominal approach, turned out, because of difficulty in exposure, to be best handled by a com- 
bined or thoracoabdominal incision. 
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The case of the patient whose duodenal ulcer became worse and who de- 
veloped gastric ulcers following vagectomy merits discussion. 


CASE REPORT 


Case Swmmary.—F. B., a 42-year-old man, was admitted to the hospital on Aug. 14, 
1946, because of abdominal and back pain, vomiting of two months’ duration, and the passage 
of two tarry stools five days prior to admission. 

Past History.—The patient had suffered from Buerger’s disease since 1934, leading 
to an amputation through the right lower leg in 1938, another through the left lower leg 
in 1940, and another of the left fourth finger in 1945. He was a heavy smoker and admitted 
to being a moderately heavy drinker. He had had no gastrointestinal symptoms prior to two 
months before admission. 

Physical Examination.—Examination showed a pale man complaining of upper abdomi- 
nal and back pain. There was midepigastric tenderness. There was absence of both legs 
below mid-calf and of the distal half of the left ring finger. 


Fig. 2.—Photomicrograph of gastric ulcers of patient F. B. (magnification X10). 


Laboratory Examination.—Red blood count was 2,500,00; hemoglobin, 8 Gm.; white 
blood count, 25,900; polymorphonuclears, 81 per cent; lymphocytes, 17 per cent; eosino- 
philes, 2 per cent. Urine: specific gravity was 1.005; sugar, negative; albumin, negative. 
Mazzini test was negative. Phenolsulfonephthalein excretion was 55 per cent in two hours. 
On November 1 there was a twelve-hour secretion of 450 c.c. with a fasting value of twenty- 
six clinical units of free acid. 

X-ray Examination.—Examination of the stomach and duodenum on August 19 and 
again on October 23 showed a deformed duodenal cap with a niche present in the duodenum. 
The first x-ray view showed retention of 75 per cent of the barium in five hours. The 
second, however, showed the stomach to be empty in three hours. 

Hospital Course.—Following a prolonged trial on medical therapy which restored his 
general condition but did not relieve the pain, on Nov. 5, 1946, a transthoracic vagectomy was 
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performed. The patient did very well for three weeks postoperatively. On November 16 
there were 40 clinical units of free acid in the fasting secretion. One hour after the sub- 





cutaneous injection of 20 units of crystalline insulin this value was 35 clinical units of free 






acid. The blood sugar one hour after insulin was 33 mg. per 100 ¢c.c. Three weeks after 





operation the patient began to have epigastric pain with occasional vomiting. The pain became 






worse. One December 13 x-ray examination showed 80 per cent of a barium meal to be 





retained after twenty-four hours. No gastric ulcers were seen. The duodenum could not 





be visualized. On December 17 a subtotal gastric resection with a posterior Hofmeister 





end-to-side gastrojejunostomy was performed. Following this, until discharge one month 





later, the convalescence was uneventful. 





Pathologic Examination.—Examination of the stomach showed two gastric ulcers, one 





chronic and one acute (Fig. 2). There was no evidence of disease of the arteries included 






in the specimen. 











To our knowledge this is the second reported case in which the ulcer has 
become worse following vagectomy, the first being that of Weeks, Ryan, and 
Van Hoy.*! Our patient was in Group III because of Buerger’s disease and 
mild addiction to alcohol. Postoperatively our apprehensions were realized 
when it was discovered that in spite of the evidence of adequate vagus inter- 
ruption afforded by the insulin test, the fasting acidity was higher than before 
operation. Further data with regard to the altered gastric physiology are not 
available in this case because the clinical course did not permit them. Specula- 
tion as to what may have occurred is of interest. 









The effect of vagectomy on gastric function has been epitomized by Mce- 
Swiney** as a general decrease in all functions of that organ. With minor ex- 
ceptions this is supported by all experimental evidence on animals and clinical 
evidence in man,* 1% 2° 21; 28, 26, 30, 31, 33, 34, 36, 39 ~='There have been conflicting 
opinions as to whether pylorospasm is present or not. In general, although 
Exner and Schwarzmann”’ and Klee*® mentioned pylorospasm, it is possible 
that they may be using the word interchangeably with gastric retention, which 
is a different thing. Many?" *° *! ** have noticed a decreased initial emptying 
time (a more rapid appearance of the initial barium in the duodenum). We 
have not observed this to be more rapid, but merely not delayed. The presence 
of peristalsis such as we have observed is compatible with the result of sympa- 
thetic activity. McCrea spoke of the ‘‘postural tonus’’ afforded the stomach 
through the thoracolumbar outflow. The retention of solid food and the ready 
passage onward of liquid food has been well described by Ferguson*? from 
observation on monkeys. All the evidence in our patients, the retention of par- 
ticulate matter, the failure to find at any time a large intragastric volume of 
fluid, and the lack of clinical evidence of pyloric obstruction corroborate this 
situation of which pylorospasm is not a part. The presence of normal peristal- 
sis makes one wonder why the particulate matter does not pass along. Normal 
propulsive forces in the gastroduodenal segment may be defective even in the 
presence of active visible peristalsis.* Perhaps the lack of flushing or lubricat- 
ing secretion hinders the emulsion and passage of the particulate matter from 
the stomach. Might the favorable action of gastroenterostomy on postvagectomy 
gastrie retention be due more to the duodenal secretions which this operation 
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supplies to the stomach than to the added size of the total available gastrie out- 
let ? 

In the light of these considerations ft is proper to speculate why vagectomy 
might make the occasional patient worse. It has been shown that vagectomy will 
cause gastric ulcers almost routinely in the rabbit® and occasionally in the dog® 
and monkey.” In light of the recent interest in vagectomy the importance of 
the cephalic phase of gastric secretion has been greatly emphasized. It is logical 
to suppose, however, that there are patients with peptic ulcer whose hyperacidi- 
ty is the result of the activity of the gastric phase of gastric secretion.’ * 
Neutralizing factors in patients with hypersecretion are the gastric mucus” ® *7 
and the regurgitated alkaline duodenal juice.* ** Although Ferguson” has 
shown that there is some mucus still present in the juice of a vagectomized 
stomach, Babkin® has demonstrated that the ‘‘vagus juice’’ is moderately 
rich in mucus whereas the ‘‘histamine juice’’ has little. It is undeniably 
possible that in certain ulcer patients the gastric phase of secretion contributes 
more to the hyperacidity than the cephalic phase. In these patients removal of 
some of the alkaline mucus by vagectomy, especially if there were enough pylorie 
obstruction to prevent duodenal regurgitation, might render the gastric mucosa 
more vulnerable to ulceration. 

It is our impression that in spite of the complications mentioned and the 
one unfavorable result reported, vagectomy has opened a new era in the surgery 
of peptic ulcer and promises to decrease greatly the disability caused by that 


disease. It seems probable, however, that there will continue to be certain 
patients in whom the operation may not be beneficial and in whom subtotal 
gastrectomy will remain the operation of choice. These patients, it seems, will 
fall more in clinical Group III than in either of the other two clinical groups 
described. Great caution should be exercised and careful gastric secretion 
studies performed before subjecting patients from this group to vagectomy. 


SUMMARY 


1. The incidence of peptic ulcers in the Veterans Administration Hospital, 
West Roxbury, over a three-year period was 6.7 per cent. This figure is. con- 
siderably higher than those reported from other hospitals. 

2. A probable explanation for this is an exclusively male hospital popula- 
tion. 

3. Early results with the operation of vagectomy in fifteen patients have 
offered hope of decreasing this large amount of disability among veterans. 

4. The action of vagectomy on gastric physiology appears to be that of 
decreasing all the functions of the stomach. It does not cause pylorospasm. 
The retention of solid material and the passage of liquids is the result of this 
action. In most cases it causes no symptoms. 

5. One patient is reported who developed two gastric ulcers following 
vagectomy for duodenal ulcer and required gastric resection. A theoretical ex- 
planation for this is offered. 

6. Recommendations for the selection of patients for vagectomy are made. 
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LOCALIZED ACQUIRED MEGACOLON TREATED BY 
SYMPATHECTOMY 


H. G. Smiruy, M.D. (sy INviTaTION), AND F. E. Krepen, M.D. 
CHARLESTON, S. C. 
(From tie Department of Surgery, Medical College of South Carolina and the Roper 
Hospital) 


EGACOLON may be encountered in any age group, two distinct varieties 

being recognizable. The first is true megacolon, or Hirschsprung’s dis- 
ease, occurring in infants and children and considered to be a congenital dila- 
tation of the colon of neurogenic origin. The second type is acquired mega- 
colon, or pseudomegacolon, occurring in adults and usually described as sec- 
ondary to chronic colonic obstruction’ * from elongation of the mesentery, re- 
dundanecy of mucosal valves, obstructing bands, rectal stricture, and rectosig- 
moid tumors.? That acquired megacolon may oceur in the absence of demon- 
strable organic obstructive lesions is attested by the cases herein reported. 

Hirschsprung’s disease has been treated successfully in many instances by 
some form of sympathetic denervation of the colon. Both unilateral (Wade 
and Royle*) and bilateral (Judd and Adson®) lumbar ganglionectomy were 
employed during the earlier phases of the development of denervation ther- 
apy. Later, combined presacral, para-aortic, and inferior mesenteric sympa- 
thetic plexus resection was introduced by Rankin and Learmonth.® 7? Still 
later, Adson? increased the extent of these procedures to combine not only 
bilateral lumbar trunk resection and presacral neurectomy but also bilateral 
lumbar sympathectomy and splanchnic nerve resection in patients having in- 
volvement of the entire colon. Penick* has reported within the pdst year suc- 
cessful results from unilateral (left) lumbar ganglionectomy in a series of pa- 
tients some of whom had a severe form of megacolon. 

Recently, Grimson and his associates® 1° have presented data indicating 
that segmental or total colectomy may be preferable to sympathectomy in the 
treatment of neurogenic megacolon. This is supported by Yeazell and Bell" 
and by Whitehouse, Bargen, and Dixon,” being based upon accumulating re- 
ports of complications (volvulus, impaction, and perforation) after sympathec- 
tomy. Grimson and his co-workers® '° have expressed the opinion that sympa- 
thetic denervation of the colon may be harmful in that the resulting interrup- 
tion of visceral pain pathways deprives the patient of the ability to recognize the 
impending danger of impaction and perforation. Cattell and Coleock'® advo- 
cated resection, but combined segmental resection with sympathectomy in two 
eases. Herrmann’ advised lumbar ganglionectomy along with the Rankin- 
Learmonth procedure. He also advised resection in advanced cases. 

Regarding therapy in acquired megacolon of adults, or pseudomegacolon, 
removal of the underlying cause represents, theoretically, the method of choice. 
However, when anatomic factors which are not readily amenable to direct 
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surgical attack are encountered or when no demonstrable causative lesion is 
found, there remains a choice of either sympathectomy or some form of colonic 
defunctionalization or resection. Martin and Burden’ believed that hyper- 
tonus of the rectosigmoid sphincter can cause megacolon in the adult. Rankin 
and Learmonth® reported the case of a 23-year-old woman relieved of ‘‘rectal 
obstipation’’ after presacral neurectomy. Trumble’® stated that good results 
followed sympathectomy in various types of colonic dilatation in the adult but 
did not report specific cases. In other papers the occurrence of acquired mega- 
colon is mentioned without further detail. It seems, therefore, of interest to 
report here three cases of acquired idiopathic megacolon treated by sympathec- 
tomy. 
CASE REPORTS 


CASE 1 (Roper Hospital No. 8205).—A 71-year-old white man had progressive consti- 
pation of one year’s duration. He had led an active life with normal bowel habits until the 
present illness. For several years there had been some decline in strength with tremors of 
the lower extremities, which required him to give up his favorite sport of golf. His diffi- 
culty began with the passage of hard stools which were noted to be of smaller diameter than 
normal. Laxatives were used freely. On occasion large amounts of gas were expelled along 
with small pellets of feces. Some of the stools were of pencil-sized caliber while others 
were of normal size. There had been no diarrhea. Some intermittend distention with a 
feeling of fulness in the left lower quadrant had occurred without nausea or vomiting. No 
bloody or tarry stools had been noted. Anorexia developed with a weight loss of seventeen 
pounds during the year. 

X-ray examination, done elsewhere, after oral barium demonstrated a local dilatation 
of the sigmoid colon apparently due to an obstructive lesion (Fig. 1). This examination 
had been repeated several times with a similar result but other films were not available. 
Proctoscopic examination revealed no lesion of the rectum or rectosigmoid. General physical 
examination showed a thin elderly man with moderate distention of the lower abdomen and 
tenderness in the left lower quadrant. No masses were palpable abdominally or rectally. 
A tentative diagnosis was made of carcinoma of the lower sigmoid colon. He was placed 
on a preoperative regime of low-residue diet with vitamin supplements and enteral chemo- 
therapy at home and for five days before operation in the hospital. 

Laparotomy through a left lower rectus incision was performed under low spinal anes- 
thesia. On opening the abdomen a greatly distended segment of sigmoid colon was en- 
countered (Fig. 2) with rectosigmoid of normal caliber below. Palpation revealed no mass 
or other cause of obstruction. There was no volvulus. While the sigmoid seemed some- 
what redundant and elongated, it was not of the proportions of a dolichocolon. The wall of 
the dilated portion was thickened. The bowel proximal to this was normal. 

The posterior peritoneum was incised from the inferior border of the sacral promon- 
tory up above the origin of the inferior mesenteric artery. A block dissection of the su- 
perior hypogastric, inferior mesenteric, and preaortic plexuses was done. All loose tissue 
about the inferior mesenteric artery was carefully excised to insure complete denervation. 
Immediately on section of the presacral nerves, the distended segment of sigmoid colon 
began to contract vigorously. Within a few seconds it had returned to a size smaller than 
normal due to continuous hyperactive peristalsis. 


Postoperative recovery was prompt with normal bowel movements beginning on the 
third day. On the ninth day, two small internal hemorrhoids prolapsed. They were excised 
under local anesthesia beyond transfixion sutures. The patient went home on the eleventh 
day and walked up to the second floor of his home. He continued to have satisfactory 
bowel function for over four years with only occasional use of cathartics. At the age of 
76 years, death occurred in a private sanatorium, rather suddenly, four years and eight 
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months after operation. For about one year before death, increasing evidences of senile 
decay had been present, characterized by tremulousness especially of the upper extremities. 
For six months, constipation had again become a problem. For three weeks, incontinence of 
urine had been present. Four days before death, fresh bleeding from the rectum occurred 
for the first time. There was also a cough productive of mucus and blood. A small amount 
of barium by rectum showed again a local segmental dilatation of the rectosigmoid. Nec- 
ropsy was not obtained and the origin of the bleeding was not determined. 


Fig. 1 (Case 1).—Segmental dilatation confined to sigmoid colon. 


Comment.—Beyond all doubt this patient represents a case of acquired 
megacolon with onset late in life without demonstrable cause of the sigmoid 
distention. Such pseudomegacolon has been considered usually secondary to 








262 SURGERY 


a pathologic or anatomic factor producing chronic obstruction. It, therefore, 
is seldom mentioned in connection with sympathectomy, its treatment depend- 
ing upon the usually demonstrable causative agent. That inferior mesenteric 
and presacral neurectomy may favorably influence acquired sigmoid mega- 


colon is graphically illustrated in this case. The contractions of the colon 
which occurred immediately after section of the presacral nerve represent the 
counterpart of the experimental colonic contractions produced in dogs by Lear- 
month and Markowitz’’ by resection of the lumbar colonic nerve and the imme- 
diate emptying of the lower bowel in congenital megacolon after spinal 
anesthesia."* 


Fig. 2 (Case 1).—Operative findings, megacolon is sharply localized in sigmoid segment 
ending at region of rectosigmoid junction. 


CASE 2 (Roper Hospital No. 12807).—A 34-year-old white woman entered the hospital 
complaining of ‘‘gas on my stomach and shortness of breath.’’ The illness began about 
six years prior to admission, shortly after an uncomplicated delivery of a living child. It 
consisted primarily of recurrent episodes of severe abdominal distention accompanied by 
dyspnea and palpitation. The syndrome was aggravated by eating. Much apprehension 
was occasioned by the dyspnea and caused the patient to abstain from eating for long 
periods. Constipation was pronounced in degree. Laxatives were required daily. As a 
result of the chronicity of the illness, weakness and malaise developed and were associated 
with a weight loss of eighteen pounds. The past and family histories were noncontributory. 
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Physical examination revealed a poorly nourished white woman whose facial expres- 
sion was apprehensive and who was breathing rapidly and with apparent difficulty. Blood 
pressure was 120/70, pulse 110, respirations 38, and temperature 98.4° F. There was 
marked abdominal distention which was symmetrical and generalized. Palpation revealed 
a tense abdominal wall but no frank rigidity. The percussion note was tympanitic through- 
out the abdomen and flanks. On auscultation, great bursts of peristaltic activity were 
heard, accompanied by numerous high-pitched metallic tinkles. There was evidence of bi- 
lateral elevation of the diaphragm with compression of the base of each lung field pos- 
teriorly. There were no other findings of significance. Routine laboratory studies were 
normal except for a moderate hypochromic microcytic anemia. 

On the day after admission, the patient passed spontaneously tremendous quantities 
of gas by rectum and the distention subsided almost completely. Examination at that time 


Fig. 3 (Case 2).—Well-defined generalized dilatation of the large bowel. 
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revealed only moderate distention, but intestinal ‘‘pattern’’ was clearly demonstrable along 
with a slight degree of visible peristalsis. Barium x-rays of the colon revealed a well- 
defined generalized colonic distention, most pronounced in the sigmoid colon (Fig. 3). There 
was loss of haustration in the latter segment. Fluoroscopic studies afforded evidence of 
a questionable, but persistent, deformity of the cecum which could not be disregarded 
entirely. It was the radiologist’s impression that the presence of an organic lesion of the 
cecum was a possibility in addition to the colonic distention. 


Three diagnostic possibilities were entertained: pseudomegacolon of undetermined 
origin, deficiency of vitamin B, with colonic atonia, and possible carcinoma or granuloma 
of the cecum. The latter impression was based upon the radiologist’s report and the lesion 
was thought to be coincidental, if present at all, to the other two. In view of this possibility, 


exploratory laparotomy was advised. 
Preoperative preparation with enteral chemotherapy, transfusions, and vitamins was 
earried out for five days. Distention was combated primarily by enemas. 


Fig. 4 (Case 2).—Operative findings; note segmental loss of haustrations. 


The abdomen was opened with the patient under inhalation anesthesia. There was no 
evidence of an intrinsic lesion of the cecum. Gross dilatation of the entire colon was present, 
extending down to the rectosigmoid junction (Fig. 4). There was loss of haustration of some 
portions of the colon, the intervening areas being normal. Moderate thickening of the wall of 
the unhaustrated segments was present. Careful search failed to reveal a cause for the dilata- 
tion, there being no demonstrable organic or anatomic factors which would produce intestinal 
obstruction. The remaining abdominal viscera were normal. After division of the posterior 
peritoneum in the midline over the lumbosacral region, the presacral and preaortic plexus of 
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nerves was removed in toto, the dissection being carried cephalad beyond the origin of the 
inferior mesenteric artery. Upon completion of the neurectomy, there was no change in size 
of the colon and no increase in peristaltic activity. After removal of the appendix, the 
abdomen was closed in layers. Routine pathologic studies of the excised specimen confirmed 
the presence of nerve fibers and ganglia. 

The postoperative course was uneventful except for considerable distention, which was 
regarded as due in part to paralytic ileus, necessitating decompression by Miller-Abbott 
intubation and parenteral prostigmine. The patient was taking a full diet without discomfort 
on the tenth postoperative day. By that time, all distention had disappeared and she was 
discharged in good condition twelve days after operation. After leaving the hospital, the 
patient improved gradually, gaining weight and remaining free of the preoperative bouts of 
distention. She was examined again recently, three years and eight months after operation, 
at which time she was considered cured. 


Comment.—Like the first patient (Case 1), this patient represents an ac- 
quired form of megacolon, first manifesting itself when the patient was 28 
years of age. Careful evaluation of the history revealed nothing to suggest 
the existence of colonic atonia in childhood. 

Celiotomy was done principally because of the possibility of a cecal carci- 
noma. When an organic lesion was not found and there was no demonstrable 
cause of the distended colon. the question arose as to the choice of operative 
procedure for the megacolon. In view of the extent of the colonic dilatation, 
resection was not considered, leaving sympathetic denervation as the only 
applicable procedure. Through the abdominal approach employed in this 
case, the maximum extent of denervation compatible with the patient’s general 
condition was resection of both lumbar ganglionated chains and block excision 
of the presacral, preaortic, and inferior mesenteric plexus. Adson? has stated 
that such a procedure is adequate in relieving the symptoms of Hirsch- 
sprung’s disease involving the descending and sigmoid colon but is not com- 
pletely effective when the ascending and right half of the transverse colon also 
are involved. He has recommended for the latter condition bilateral splanch- 
nie nerve resection in conjunction with removal of the first and second lumbar 
ganglia on each side, performed in two stages. In view of the transperitoneal 
approach selected in this case, presacral and inferior mesenteric neurectomy 
was regarded as the procedure of choice and performed accordingly. Further 
denervation at subsequent stages to include the splanchnic nerves, celiae ganglia, 
and lumbar sympathetic trunks was contemplated if the patient failed to im- 
prove. Despite the theoretical inadequacy of the procedure employed, the pa- 
tient has remained entirely free of symptoms for almost four years and is 
judged to be cured. Possibly dysfunction in the rectosigmoid region had been 
the cause of retrograde dilatation of the entire colon. 

Worthy of emphasis is the fact that this patient presented a well-defined 
megacolon which, according to the history, began in adult life and which, on 
operative exploration, was found to exist without demonstrable cause. It may 
be regarded, therefore, as acquired megacolon of undetermined origin. 


Case 3 (Roper, Hospital No. 34702).—A 67-year-old Negro man entered the hospital 
complaining of cramping abdominal pain and vomiting. The illness began six months prior 
to admission with intermittent cramping pain over both lower abdominal quadrants accom- 
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panied by increasingly severe constipation. This was associated with recurrent episodes of 


abdominal distention and vomiting. Spontaneous remissions of the syndrome occurred after 
defecation, which was infrequent and prompted in each instance by vigorous catharsis. The 
recurrent bouts of distention became increasingly frequent in number. Anorexia developed 
progressively and there was a subsequent weight loss of twenty pounds. The stools were 
neither bloody nor tarry in character. The past history was normal, the patient stating that 
he had been in good health until the onset of the latter illness. 

Physical examination revealed an elderly Negro man in obvious distress. There was 
moderate distention of the abdomen and the outline of the large bowel was clearly visible. 
There was no rigidity or spasm and no masses were palpable. Auscultation revealed that 
peristaltic activity was present but diminished. There were no other findings of significance. 


Fig. 5 (Case 3).—Barium-filled sigmoid colon; markers indicate direction of the flow of barium 
from enema tube. 
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On the day of admission, a plain survey x-ray view of the abdomen revealed gross dis- 
tention of the entire colon with fluid levels. Fluoroscopie and radiographic studies were then 
carried out after administration of a barium enema, the enema tube being passed upward 
into the lower sigmoid colon. The latter filled without difficulty and was seen to be both 
elongated and greatly dilated. It formed a complete loop upon itself, the distal end of the 
loop overlying the lower portion of the descending colon (Fig. 5). At this point, barium 
passed intermittently into the remainder of the large bowel as though an incomplete obstruc- 
tion was present. It is to be noted in Fig. 5 that there was distention of the colon both 
proximal and distal to the point of partial obstruction. 

A diagnosis was made of sigmoid megacolon with partial obstruction, probably due to 
adhesive bands. Because of the severe degree of colonic distention, it was felt that a competent 
ileocecal valve was preventing retrograde decompression into the small intestine, thus creating 
the equivalent of a closed loop type of obstruction, Prompt decompression was considered 
necessary and a cecostomy was done under spinal anesthesia without exploration of the 
abdomen. The distention subsided slowly thereafter with gradual improvement in the patient’s 
general condition. 





: Fig. 6 (Case 3).—Operative findings thirty days after preliminary cecostomy, showing 
dilated sigmoid colon looped upon itself; note adhesions between megacolon and descending 
colon. 


Thirty days after the cecostomy, celiotomy was done under spinal anesthesia. There was 
a moderate increase in free peritoneal fluid. The sigmoid colon was enormously dilated 
(Fig. 6), the dilatation extending downward into the upper rectal segment. A sharp line of 
demarcation was present between the distended sigmoid and the normal undistended descend- 
ing colon. By looping upon itself, the dilated sigmoid formed a large knuckle of bowel the 
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medial border of which was in contact with the cecum, the lateral border being held firmly 
against the descending colon by numerous organized adhesions (Fig. 6). Compression of the 
descending colon by the large knuckle of sigmojd colon was apparently responsible for a partial 
degree of obstruction. The remainder of the large bowel appeared normal. By sharp dissec- 
tion, the adhesive bands were divided, thus freeing the dilated loop. A presacral neurectomy 
was done in the routine manner, the denervation being carried upward upon the aorta to the 
origin of the inferior mesenteric artery. There was no immediate change in the size of the 
dilated loop and peristalsis was not demonstrable after the neurectomy. The abdominal 
incision was closed in layers. Routine pathologic study of the removed tissue demonstrated the 
presence of nerve fibers and ganglia. 


Fig. 7 (Case 3).—Barium study two years one month postoperatively; redundant sigmoid 
is not notably dilated. 


Recovery of the patient was uneventful. Normal bowel movements began on the sixth 
postoperative day and the cecostomy ceased to function after the tenth day. Two weeks after 
the operation, the patient was discharged much improved and free of distention. He has con- 
tinued to remain comfortable and to have one normal bowel movement daily. There have 
occurred no more episodes of abdominal distention. Postoperative plain radiographs of the 
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abdomen revealed a normal gas pattern. On recent examination, two years and one month 
after operation, the patient at 70 years of age was found to be in good health. He had no 
complaints of abdominal discomfort. He had a good appetite and daily bowel movements 
without difficulty. Barium enema (Fig. 7) showed an elongated sigmoid without dilatation or 
obstruction. There was some delay in passage of barium from the sigmoid into the descending 
colon at the point of previous adhesions but no dilatation of the descending colon. 


Comment.—The history of this patient denotes no symptoms of abdominal 
discomfort prior to the illness described which began when the patient was 66 
years old. In view of the findings at operation, a diagnosis of acquired sig- 
moid megacolon with dolichocolon was justified. Elongation and redundaney 
of the sigmoid colon were present and may be factors in the etiology of the 
megacolon. However, there was no evidence to suggest an obstructive process 
distal to the sigmoid megacolon. On the contrary, the loop of distended bowel 
was so situated as to compress partially the descending colon, producing a 
partial obstruction at that point. Paradoxically, this case represents an ac- 
quired megacolon which was the cause of intestinal obstruction rather than 
the result thereof. 

The anatomic configuration of the sigmoid megacolon was such that 
eventual occurrence of volvulus of the distended loop would seem likely. This 
is a relatively common complication of megacolon, Weeks’® having reported 
sixty-three collected cases and one of his own in 1931. It is likely that fixa- 
tion of the megacolon to the descending colon by adhesions (Fig. 6) prevented 
in some degree the occurrence of volvulus. 


DISCUSSION 


The operative procedure in these three cases may seem rather conservative 
but the results justified our limited operation. A thorough preaortic and pre- 
sacral excision would seem to fulfill the requirements of an adequate post- 
ganglionic neurectomy for the distal colon. While we have found it feasible 
to remove the third and fourth lumbar ganglia in other types of cases by inci- 
sion across the mesocolon, it is ordinarily considered necessary to reflect the 
colon. This increases the magnitude of an operation begun as a transperi- 
toneal exploration and in one case of congenital megacolon®® was found to be 
technically impossible. The procedure used was without difficulty in all three 
eases. Resection was considered unnecessary in Case 1 and would have re- 
quired staged operations in the others because of recent severe distention. 

It is of interest to note that in all three cases bowel of normal caliber was 
present above the peritoneal reflection. The level of sharp transition from 
normal to dilated bowel inferiorly corresponded to the so-called pelvirectal 
sphincter of O’Bierne.2* While the dolichocolon in Case 3 may have pre- 
sented some opportunity for mechanical obstruction, no such possibility was 
apparent in the other two. It would seem rather that a dysfunction of the 
order of an achalasia was the more likely cause. 

While spinal anesthesia was not utilized therapeutically because the true 
condition was not recognized preoperatively, it is of interest to note that in 
two patients (Cases 1 and 3) operated upon under spinal, no apparent con- 
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traction of the bowel was initiated by the anesthesia. In Case 1 immediate 
contraction of the dilated bowel followed neurectomy. Unfortunately, in 
neither case was the exact level of analgesia during operation recorded, but it 
must have reached at least the tenth thoracic dermatome in both instances. 


SUMMARY 
Case reports are presented of three patients having acquired megacolon. 
In each the disease developed in adult life and in none was there a demonstrable 
causative factor. Each patient was subjected to a combined presacral, pre- 
aortic, and inferior mesenteric neurectomy. 
One patient remained well for four years but died four years and eight 
months postoperatively. Two patients were well after three years and eight 
months and two years and one month, respectively. 
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T IS evident from a review of the recent literature that surgeons throughout 
the country are prone to employ different methods in the treatment of cancer 
of the colon. There is general agreement as to the amount of bowel and mesen- 
tery that needs to be removed, based upon careful anatomic studies of the 
regional lymphatic drainage and the blood supply to the parts. Attempt is 
always made to transect bowel at points wide of the primary growth, to remove 
an extensive area of the regional mesentery and its contained lymphatie strue- 
tures, and to preserve blood supply to the remaining segments of the colon. 
To accomplish these ends plans of management have been established in most 
elinies which work well in the hands of surgeons in those clinics though they 
may differ considerably from methods used elsewhere. The differences of 
opinion among surgeons lie largely in the technique of resection and re-establish- 
ment of continuity of the bowel after resection. Two groups exist, comprising 
those who choose a method requiring delayed anastomosis and those who prefer 
to restore continuity of the intestine immediately. 

Much progress along both lines of approach has been made since the cure 
of cancer of the colon began. In 1895 Paul’ recorded seven cases of colectomy. 
Two of the first three patients died as a result of necrosis and leakage following 
resection and immediate anastamosis in the presence of complete obstruction. 
The remaining five were treated by resection and exteriorization of the loops of 
bowel. Three of these patients recovered, and Paul concluded that the latter 
procedure was the one of choice. The practice of exteriorization was then 
popularized by Mikuliez? and has been amended by Rankin*® and Lahey‘ so 
that earlier objections to its use have been overcome.* These were the frequent 
implantation of cancer into the abdominal wall and the insufficient removal of 
regional mesentery and lymphatic structures. Important technical improve- 
ments which aid in the construction and closure of the colostomy have been 
deseribed by these men and others, and have resulted in a refined management 
which has produced enviable results in operative mortality. Preference for this 
method of resection as opposed to primary anastomosis is given by Rankin,°* 
Lahey,* Jones,® Dixon,® Fallis,” and others. 

The method of immediate anastomosis at the time of resection has developed 
and improved concomitantly. Koehler,’ in 1881, reported in some detail the 
first performance of resection with primary anastomosis, crediting the operation 
to Professor H. Fischer of the Breslau University Surgical Clinic. The patient, 
a 33-year-old woman, suffered complete obstruction of the large bowel from a 
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*Paul resected the tumor at the time of exteriorization and inserted glass tubes into the 
open loops. Mikulicz left the tumor in place. 
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lesion in the descending colon just above the sigmoid. At the time of resection 
outpouring of fecal content occurred and trocar punctures were made to reduce 
small bowel distention. The union of the proximal and distal portions was 
effected with interrupted silk sutures as was the mesentery. The postoperative 
course was complicated by a fecal fistula occurring on the eighth day. This 
closed spontaneously and the patient was discharged in good health. Reichel® 
reported that autopsy of this patient at death one year eleven months later 
revealed carcinomatous recurrence. 

After this first attempt progress was delayed for some time, mainly because 
of reliance placed upon mucosal and serosal sutures, a frequent result being 
peritonitis due either to soiling occurring at the time of open anastomosis or to 
delayed leakage from separation of poorly united bowel ends. In 1910 Halsted,’° 
basing his conclusions upon experiments performed on dogs, clearly demonstrated 
the importance of including the submucosal layer for added strength in the line 
of anastomosis. In addition he developed and described in well-illustrated writ- 
ings sound techniques for side-to-side and ‘‘aseptic end-to-end’’ anastomoses. 
Refinement in the one-stage type of resection was then made by graduates of 
the Johns Hopkins school of surgery and by others. Techniques employed in this 
method for resection, and reasons for preference, are described by such ad- 
herents as Stone and MeclLanahan,'! Cheever,!? Allen,’* MacFee,?* Rankin?® 
(regarding right colon resections), Joll,° Gibbon and Hodge,’* Whipple,” 
Mayo,?® Coller,?® Morton,?° Waugh and Custer,?? and White and Amendola.”* 

This alignment of surgeons indicates their choice as to primary or delayed 
anastomosis in the treatment of cancer of the colon in general, although devia- 
tions to the alternate method may be made in the presence of certain indications. 
Despite existing preferences there is no quarrel, and the mortality rates result- 
ing from both lines of approach in the past twenty years have shown remarkable 
improvement. Proponents of each technique have reported numerous series of 
cases with low mortality rates, and younger surgeons will continue to use the 
method in which they were trained in order to get the best results. 


In the department of surgery of the University of Cincinnati the plan of 
choice has been that of anastomosis at the time of resection by either an open or 
a closed method. With this procedure it is necessary to establish suitable condi- 
tions for the relief of obstruction, for the avoidance of sepsis, and for primary 
healing by use of careful preoperative, operative, and postoperative measures. 
Immediate anastomosis is not suitable for those unwilling to be painstaking 
and to pay exact attention to details. If these conditions cannot be met in each 
individual case, it is safer to resort to exteriorization and delayed anastomosis. 
It is our belief that they can be realized and that primary anastomosis is a 
safe method. Once safety is established, such considerations as greater post- 
operative comfort, freedom from annoyance of interval colostomy, relief from 
need for secondary operative procedures, and a shorter and less costly period 
of hospitalization become of importance to patients. 


Under this plan eighty-seven resections for cancer of the colon have been 
performed in the nine-year period from 1938 to 1946, During this time basic 
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principles have remained about the same with only minor variations in pre- 
operative and post-operative care. It is our purpose to present the manage- 
ment in some detail and to report the operative results. 


PREPARATION OF THE PATIENT FOR RESECTION 


Once the diagnosis of carcinoma of the colon is made and the lesion is loeal- 
ized by sigmoidoscopy or roentgenology, the presence of constipation or obstipa- 
tion, abdominal distention and x-ray evidence of retention of gas, fecal material, 
or barium indicates obstruction. In this clinic any degree of chronic or acute 
obstruction due to lesions situated distal to the hepatic flexure is relieved by 
antecedent proximal cecostomy or colostomy. Neither distended thin nor edema- 
tous thickened intestinal wall lends itself to safe anastomosis. Of equal impor- 
tance is the fact that systemic disturbances secondary to obstruction militate 
against recovery. These may be disturbances in chemistry, nutrition, and water 
balance, and in mechanical interference with the respiration due to abdominal 
distention. Tangential cecostomy is preferred in cases of simple obstruction be- 
cause it provides adequate decompression, it is safely and easily performed under 
local anesthesia in one stage, and in most instances closure is spontaneous. If 
operative closure is required it is a relatively simple procedure. If associated 
local inflammation is present complete diversion of the fecal content as well as 
decompression is essential. Fever, leucocytosis, tenderness, palpable fixation, and 
fistulous tract formation are signs of inflammation. When these are present 
in connection with lesions at or distal to the splenic flexure a modification of the 
Devine colostomy performed on the right or left half of the transverse colon 
is used. The technique for this and the method for later closure are as described 
by Ochsner, DeBakey, and Rothschild.?* 

Obstruction secondary to lesions in the cecum and ascending colon is rarely 
encountered. This is due to the fungating quality of the growths with less 
tendency to scirrhous contracture, the larger lumen of the bowel, and the fluid 
consistency of its contents. If obstruction is present here it often denotes in- 
curability by resection because of either local extension of the tumor or wide- 
spread metastases. Signs of associated local inflammation are also frequently 
present. Often the relief of obstruction in the right colon may be accomplished 
by use of the Miller-Abbott tube or continuous gastric suction and frequent 
small enemas. Unless distinct progress is made in two or three days, decom- 
pression is then best obtained by performing an ileotransverse colostomy through 
a short transverse incision. In our hands simple antiperistaltic side-to-side 
anastomosis has proved valuable. If the general condition of the patient and 
local condition of the bowel justify the procedure, the ileum may be divided 
and the end turned in before the anastomosis is made. 

In the absence of obstruction we do not hesitate to perform resection with 
immediate anastomosis without decompression. The pre-operative management 
of these cases and of those in which obstruction has been relieved is about the 
same. In the supportive management anemia is treated by adequate transfusion 
of whole blood, and a diet high in carbohydrates, protein, and calories, and low 
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in residue is given. If the oral intake is not adequate, solutions of amino acids, 
glucose, and saline solution are used mpcemineanienn Daily minimum vitamin 
requirements are satisfied. 


In addition to the supportive management every attempt is made to cleanse 
the bowel as thoroughly as possible. Collections of gas, stool, and barium at the 
time of resection interfere with exactness in technique and increase opportunities 
for soiling of the peritoneum. A cleansing enema of saline solution or tap water 
is given by rectum and through the colostomy each day. Succinylsulfathiazole 
is given orally each six hours for five days before operation. The dosage is 
calculated at the rate of about 0.25 Gm. per kilogram of body weight for 
twenty-four hours. On the day before operation an x-ray examination is made 
for the presence of gas, stool, and barium in the colon. At this time the patient 
is placed on a liquid diet, and continuous gastric suction is begun on the 
morning of operation. 


On the day of operation the skin is shaved widely and prepared by gentle 
washing for five minutes with gauze saturated in 1:100 aqueous solution of 
eetylpyridinium chloride (ceepryn chloride). Towels and drapes are applied 
with regard to the planned location of the incision. All lesions of the colon 
except those lying very low in the sigmoid are approached through a transverse 
incision, often extending into the flank as described by Hoag.** We are con- 
vineed that the transverse incision affords better exposure than a vertical one, 
less retraction is required, wound disruption is encountered less often, there is 


less postoperative pain and splinting of respiration, and healing occurs with a 
finer sear. The wound is isolated from the skin by fixing the under sides of 
towels to skin edges with Michel clips. Careful attention is paid to hemostasis, 
and the subeutaneous and muscular layers are protected from trauma and from 
the field of resection with moist laparotomy packs. 


PROCEDURE FOR LESIONS IN THE CECUM, ASCENDING COLON, AND HEPATIC FLEXURE 


Upon opening the peritoneum, first the liver and then the regional lymphatic 
area are palpated for metastases. If remote metastases are present, palliative 
resection may be done. Many of these patients remain in relative comfort for 
months. The primary growth is examined with care, since rough handling may 
result in perforation and soiling. If there is evidence of an active inflammatory 
process extending beyond the bowel wall, with or without abscess, ileocolostomy 
is done without resection. The differential diagnosis between appendical abscess, 
diverticulitis, tuberculosis, and infected tumor may be exceedingly difficult in 
such instances. 

If this complication is not present, the cecum, ascending colon, and hepatic 
flexure are mobilized by incising the avascular lateral mesenteric reflection. 
The bowel is rotated mesially and the ureter and spermatic or ovarian vessels are 
identified from their origin down to the brim of the pelvis and spared. The retro- 
peritoneal fat and lymphatic-bearing tissue are removed, using a gentle wiping 
process with gauze alternating with sharp dissection, and earried mesially with 
the bowel and its mesentery to the points of origin of the right colic and ileocecal 
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arteries. At the upper end of the field the descending portion of the duodenum 
is identified and the beginning of the transverse mesocolie reflection is divided 
at its attachment to the duodenum and to the anterior surface of the head of the 
pancreas. The dissection below is carried proximal to the cecum to include the 
mesentery of about 12 em. of the terminal ileum, incising only the serosa. The 
entire mobilized segment is then elevated and its blood supply visualized. The 
points for division of the transverse colon above and the ileum below are selected, 
and the mesial reflection of mesentery is incised with a scalpel from these points 
to an apex at the points of origin of the right colic and ileocecal arteries. The 
vessels are isolated, divided between clamps, and transfixed with No. 000 silk. 
At the points selected for division of the transverse colon and the ileum the 
serosa is carefully cleansed of fat and mesenteric tissue by a gentle wiping 
process with a single layer of gauze over the finger. Small perforating vessels 
are clamped close to the serosa as they are encountered, divided with a scalpel, 
and ligated with No. 0000 silk. This is done for a sufficient distance to permit 
the placing of clamps and for an additional margin of serosa to allow later in- 
version or anastomosis without interposition of fat, long segments of vessels, or 
large ligatures. Pairs of Kocher clamps are applied in a position to shorten 
the antimesenteric borders of the viable segments. The bowel is then divided 
with cautery at each site and the specimen is removed. 

At this point either a side-to-side anastomosis similar to the method of the 
Halsted enteroenterostomy” or an end-to-side anastomosis somewhat according 
to the technique described by Rankin® is employed. If the side-to-side method 
is used, simple closure of the ends of the ileum and transverse colon is made over 
the clamps with a single row of Halsted mattress sutures of No. 000 silk. These 
are laid in place to include the submucosa, drawn up to accomplish inversion 
as the clamp is withdrawn, and tied. The closure is then reinforced by placing 
a Lembert mattress suture between each two Halsted mattress sutures using 
No. 0000 silk. Another method often used is that of an inverting right angle 
(Cushing) suture of No. 0 chromic catgut over the Kocher clamp. This suture, 
after the clamp is removed and inversion is complete, is continued back as a 
second row and tied. We prefer either of these methods to that of ligating the 
bowel and inverting the ligated stump because they avoid cavities closed at each 
end with ligatures. 

After both ends of the bowel are closed, the terminal ileum is held parallel 
to the longitudinal band of the transverse colon, the field is carefully walled 
off with gauze packs, and the side-to-side anastomosis is done near the ends in 
order to leave as little blind stump as possible. Traction sutures of silk are 
placed at each end of the proposed anastomosis, and a posterior continuous suture 
of No. 000 silk is placed (Fig. 1, 7). Halsted mattress sutures of No. 000 silk 
are then laid anteriorly (Fig. 1, 2). These are next pulled aside, half to each 
end (Fig. 1, 3). Before opening the bowel a temporary occlusion is produced to 
prevent gross soiling. Rubber-shod clamps, or soft lead bars (5 by 3 mm. in 
cross section and eovered with soft rubber tubing) bent like a hairpin can be 
placed across the bowel. One is used across the ileum and one across the colon, 
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At the site of the anastomosis itself no clamps are used. The bowel is held up 
by the assistant lifting the traction sutures, and ordinarily there is no escape of 
intestinal contents. The bowel is opened with a knife and scissors or with high 
frequency cautery, and bleeding points are clamped and tied with No. 000 
chromic catgut, or they are coagulated (Fig. 1, 3). The posterior suture line is 
reinforced with a continuous lock stitch of No. 0 or 00 chromic catgut which goes 
through the entire thickness of both walls (Fig. 2, 4). The ends of the anterior 
row of mattress sutures are pulled up, and the traction sutures are out or pulled 
aside; when the mattress sutures are drawn up to approximate the bowel and 


1 | 





Fig. 1.—Steps in side-to-side ileocolostomy. (1) Posterior continuous sutures of silk be- 
tween two traction sutures; (2) anterior row of Halsted mattress sutures placed: (3) mattress 
sutures pulled aside, incisions made in bowel and vessels clamped and tied with catgut. or 
coagulated. (From S. Clin. North America 25: 1201, 1946.) 
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tied, the anterior lip of the anastomosis is closed (Fig. 2, 5). A Lembert suture 
of No. 0000 silk is placed between each two mattress sutures. The angles of the 
anastomosis are reinforced with mattress sutures of No. 000 silk and the oeelud- 
ing rubber-shod clamps or lead bar clips are removed. After removal of the 
protecting gauze packs the gloves are changed before continuing the operation. 
The overlapping folds of the mesentery are sutured together to close the defect, 
care being taken not to injure the blood supply. 


Fig. 2.—Steps in side-to-side ileocolostomy (continued). (4) Posterior lock stitch of catgut 
through all layers of bowel; (5) mattress sutures pulled up and tied. (From S. Clin. North 
America 25: 1202, 1946.) 


If the end-to-side method of ileocolostomy is used, the cut end of the colon 
only is closed and a site is selected for the anastomosis. A portion is tented up 
by grasping it with two Allis clamps. A Kocher clamp is placed across this area 
longitudinally and the protruding portion, which is made to correspond in size 
with the diameter of the ileum, is excised with the cautery (Fig. 3, 2). The 
stump of the ileum, which is held in a Kocher clamp, is then approximated to 
the defect in the colon and the anastomosis is begun. Using an atraumatic 
needle, a posterior running suture of No. 0 chromic catgut is placed with a tie at 
the beginning and a lock at the end, leaving both ends long in order to tie them 
later to each end of the anterior suture (Fig. 3, 3). The clamps are then rotated 
inward and a continuous right angle (Cushing) suture is placed anteriorly with 
no tie at either extremity (Fig. 4,4). The clamps are withdrawn as the assistant 
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makes traction on one end of the suture to begin the inversion. The operator 
completes the inversion by making traction on the other end of the anterior 
suture. Agglutination of the crushed ends of the bowel is depended upon to 
maintain closure until the inversion is accomplished. Corresponding ends of the 
anterior and posterior sutures are then tied (Fig. 4, 5). The long end of the 
posterior suture is continued around anteriorly and tied, forming a second 
anterior suture line (Fig. 4, 6). The continuity of the lumen is established by 
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Fig. 3.—Steps in end-to-side ileocolostomy. (1) Division of terminal ileum: (2) Kocher 
clamp on side of colon; (3) posterior continuous suture of catgut. (From S. Clin. North 
America 25: 1203, 1946.) 


invaginating the walls of the ileum and colon with the thumb and forefinger. 
The anastomosis is reinforced posteriorly and at the angles with Lembert sutures 
of No. 0000 silk. A portion of omentum is anchored loosely over the anastomosis 
with silk. The same attention is directed to the mesentery as described in the 
open type of anastomosis. 


PROCEDURE FOR LESIONS DISTAL TO THE HEPATIC FLEXURE 
For lesions beyond the hepatic flexure an end-to-end aseptic anastomosis is 
usually done, but in some cases circumstances encountered at the time of resee- 
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tion prevent the operator from proceeding with end-to-end anastomosis. Great 
disparity in the size of the bowel proximal and distal to the lesion may be 
present, requiring a side-to-side anastomosis in the manner just described for 
resection of the right colon. This may be true despite preliminary decompression 
and frequent irrigation. After careful exploration of the abdomen to determine 
the extent of metastases, adhesions adjacent to the lesion are divided by sharp 
dissection in order to elevate the bowel to the full length of its mesentery. The 
points for division of the bowel and its mesentery are then selected wide of the 
lesion, and the proposed sites for division carefully tested to determine that they 
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Fig. 4.—Steps in end-to-side ileocolostomy (continued). (4) Anterior right angle (Cushing) 
suture of catgut over clamps; (5) anterior suture pulled up after clamps are removed ; (6) pos- 
terior suture continued as second anterior layer. (From S. Clin. North America 25: 1204, 1946.) 


‘an be approximated without tension. The lateral and mesial reflections of 
mesentery are divided from these points to an apex at the base of the mesentery. 
This is done with respect for blood supply and the vessels are ligated individually 
as described under the procedure for resections of the right colon. Extreme 
eare is taken to remove the appendices epiploicae and other fat tabs from the 
bowel at the proposed site of anastomosis. Stone clamps are applied diagonally 
so that the antimesenteric border is somewhat shorter than the mesenteric. A 
Kocher clamp is placed on the segment to be removed next to each Stone clamp, 
and the bowel is divided between clamps with cautery (Fig. 5,1). The cut ends 
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of the bowel held in Stone clamps are then brought into apposition. A single 
row of Halsted mattress sutures of No. 000 silk is laid on one side, just far 
enough from the clamps so that they ¢an be pulled up and tied (Fig. 6, 2). 
A row of mattress sutures is laid on the opposite side of the bowel and a rubber- 
shod clamp or lead clip is placed across the proximal loop (Fig. 6, 3). The Stone 
clamps are removed. The second row of mattress sutures is then pulled up and 
these are tied, completing the inversion (Fig. 6, 4). A Lembert suture of 
No. 6000 silk is placed between each two Halsted sutures (Fig. 6, 5). Serosal 
approximation at the mesenteric border is the most difficult and must be obtained 
by precision in placing the sutures. After completing the suture, continuity 


Fig. 5.—Steps in end-to-end aseptic intestinal anastomosis. (1) Division of bowel with cautery 
between Kocher and Stone clamps. (From S. Clin. North America 25: 1205, 1946.) 


is established and the adequacy of the stoma is determined by invaginating the 
bowel on either side with the thumb and forefinger. The cut edges of the 
mesentery are approximated carefully to leave no defect or raw surfaces 
(Fig. 6, 5). 

CLOSURE OF THE WOUND 


The exact method of closure of the wound has differed with individual 
operators. As a rule, the peritoneum is closed with continuous No. 0 or No. 1 
chromic catgut. The wound is thoroughly but gently irrigated with saline solu- 
tion, the muscle and fascia closed with interrupted figure-of-eight sutures of 
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doubled No. 000 black silk, and the skin with interrupted No. 0000 silk. In cases 
in which soiling has occurred the closure is usually made with 22 gauge silver 
or steel wire stay sutures, which are placed through the entire thickness of the 
abdominal wall. No other sutures are used except for a few interrupted ones of 
fine silk in the skin to keep the edges of the wound from everting. The details 
of this method of wound closure are as described by Reid, Zinninger, and 
Merrell.”® 





sutures 


Fig. 6.—Steps in end-to-end aseptic anastomosis (continued). (2) Clamps rotated and first 
row of Halsted mattress sutures of silk placed; (3) first row of sutures tied and opposite row of 
mattress sutures placed; (4) Stone clamps removed and second row of mattress sutures tied; 
(5) completed anastomosis. (From S. Clin. North America 25: 1946.) 
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POSTOPERATIVE CARE 


The postoperative care is important, but usually not difficult. The opera- 
tion is not ordinarily accompanied by much loss of blood or by shock. Intra- 
venous injection of glucose and saline solution is given during operation and 
whole blood is substituted if indicated. Sulfadiazine and penicillin are adminis- 
tered parenterally after operation if there is any question of soiling having 
occurred or at the onset of signs of sepsis. We have abandoned the use of intra- 
peritoneal implantation of sulfa drug for the past four years. 


OPERATIVE DATA AND RESULTS 


A total of 144 patients with cancer of the large bowel were seen, of which 
87 were treated by resection. At the Cincinnati General Hospital resection was 
accomplished in 45 out of 100 cases, and with private patients in 42 out of 44. 
Since the same criteria for resectability were used in the two series, the differ- 
ence in operability seen in a private and charity clinic is vividly illustrated. 
The operability rate in the total group is shown in Table I. In the Cincinnati 
General Hospital the rate was 45 per cent while in the private service the rate 
was 95 per cent. It must be remembered that among private patients, one who 
is unquestionably inoperable may remain at home or on a medical service without 
surgical consultation. In a charity institution, this situation is often reversed, 
a family or a family doctor sending the patient to the hospital to die. Of the 
57 patients classed as inoperable, 30 had no procedure because of marked ad- 
vancement of the disease, 16 had palliative colostomies either internal or external, 
and 11 had exploratory laparotomies without further procedure. 


TABLE I. OPERABILITY RATE 








CASES RESECTIONS OPERABILITY (%) 


Right colon 45 24 53.3 
Transverse colon 22 16 72.7 
Left colon 77 47 61.0 


Total 144 87 : 60.4 











Of the 87 resections performed, 16 were classed as palliative, having either 
lymphatic metastases beyond the limits of regional resection, or liver or peri- 
toneal metastases. In 4 instances resection of other organs was performed along 
‘with large bowel resection. These included resection of small intestine on two 
occasions, removal of the tail of the pancreas and spleen with a cancer of the 
splenic flexure, and resection of a carcinomatous fistulous tract in the abdominal 
wall, 


In lesions of the right colon, ileotransverse colostomy as the first procedure 
was carried out twelve times; in ten of the cases, however, it was only palliative 
and was not followed by resection. In the other two cases, resection was per- 
formed three and four weeks after the anastomosis. Only three of the twenty- 
four patients with cancer of the right colon who had resection showed obstruction 
(see Table II). Of the sixty-three resected for cancer of the transverse and left 
colon (see Table III), twenty-nine or almost one-half had complete or partial 
obstruction at the time of admission to the hospital. In all of these a cecostomy 
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TABLE II. Rigur CoLECTOMyY WITH ILEOTRANSVERSE COLOSTOMY 








Cecum 10 End-to-side (one stage) 6 
Ascending colon 3 Side-to-side (one stage) 16 
Hepatic flexure 11 Side-to-side (two stage) 2 

Total 24 24 














or transverse colostomy was done to relieve the obstruction and the resection was 
done subsequently. Thirty-four of the sixty-three had resection without pre- 
liminary decompression. 

In some eases of lesions beyond the hepatic flexure, cireumstances en- 
countered at the time of resection prevented the operator from proceding with 
end-to-end anastomosis. These occurred in only six out of sixty-three cases in 
which resection was done. In four cases great disparity in the size of the bowel 
proximal and distal to the lesion necessitated side-to-side anastomosis in the man- 
ner just described for right colon resections. In two of the four eases a dilated 
proximal segment was present despite preliminary decompression by cecostomy 
and irrigations for thirty and sixteen days. No preliminary enterostomy had 
been done in the other two cases. In two eases Mikuliez obstructive resection 
was employed. In one of these the sigmoid colon proximal to the lesion was 
filled with inspissated stool despite antecedent cecostomy and seventeen days of 
attempts to cleanse the bowel by irrigation. In the other, incision and drainage 
of an abdominal wall abscess secondary to perforation of the transverse colon 
at the site of the lesion was required at the time of admission to the hospital 
(see Table IIT). 


TABLE III. RESECTIONS, TRANSVERSE AND LEFT COLON 





Transverse , 16° BERS End-to-end — 
Splenic flexure 5 Side-to-side 











) 
Left colon 4! Mikuliez 
Total 











In the eighty-seven cases of resection there were six deaths, a mortality 
rate of 6.9 per cent, as shown in Table IV. Four deaths were due to leakage at 
the site of anastomosis with peritonitis. All of these were in the left colon and 
three of the four were palliative resections with liver metastases. One patient 
died of pneumonia and one of uremia. 

In order to compare these results with recent experiences of others the fol- 
lowing operative mortality rates may be listed. Using the so-called Mikuliez 
method Jones® in 1943 reported a 6.5 per cent mortality in 77 resections, and 
Lahey‘ in 1942 reported a 11.7 per cent mortality in 112 resections. In 1946 he 


TABLE IV. OPERATIVE MORTALITY IN CASES WITH RESECTION EQUALS 6 OF 87 CASES OR 
6.9 PER CENT 








DEATHS RESECTIONS MORTALITY (%) 
10 





Cecum 1 

Ascending colon 0 3 

Hepatic flexure 0 11 

Transverse colon 0 16 

Splenic flexure 1 5 

Sigmoid 4 42 
Total 6 87 
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reported another series with a 2.7 per cent mortality; the number of cases was 
not stated. Favoring the method of immediate anastomosis, Stone and Me- 
Lanahan"! in 1942 reported a 10.4 per cent mortality in 104 resections, Whipple’ 
in 1944 a mortality of 9.4 per cent in 117 cases, and Waugh and Custer”? in 1945 
a mortality of 4.0 per cent in 50 resections. 

The average hospital period for the seventy-nine surviving patients treated 
by resection and immediate anastomosis was twenty-six days from resection to 
time of discharge from the hospital. In patients in whom a cecostomy was per- 
formed, the average interval between the production of the cecostomy and resec- 
tion was fifteen days. 

SUMMARY 


The method for treatment of cancer of the colon at the Cincinnati General 
Hospital has been presented. Resection and immediate anastomosis is preferred. 
The use of this method requires exact attention to details in preoperative, opera- 
tive, and postoperative management, and has led to an operative mortality of 6.9 
per cent. The series of patients operated upon presented here is small and is 
distributed over a period of nine years in a training school for young general 
surgeons. The resections were done by a number of surgeons, many of whom 
were young residents in training. This indicates that good results may be ob- 
tained by any well-trained general surgeon who occasionally operates on the 
colon for cancer, providing he is taught and continues to observe the fundamental 
principles involved. These may be enumerated: 

1. Preliminary correction of anemia and of disturbances in chemistry, nu- 

trition, and hydration. 

2. Relief of obstruction and attempts at thorough cleansing of the intestine 

before removal of the lesion. 

. Use of the abdominal transverse incision. 

. Careful attention during resection of the mesentery to preservation of 
blood supply to the segments of bowel at and adjacent to the proposed 
site of anastomosis. 

. Gentleness in the dissection and handling of the bowel and its mesentery. 

. Adequate mobilization of the segments to be anastomosed in order to pre- 
vent tension at the line of suture. 

. Precision in placing of sutures after careful preparation of the bowel to 
receive them. Inverting mattress sutures should catch the submucosa 
but not penetrate the mucosa, and should be tied tightly enough to hold 
serosal surfaces in apposition without strangulating the tissue. In- 
version of too much of a diaphragm is to be avoided. 

. Accuracy in approximating the edges of the mesentery and in reperi- 
tonealizing denuded areas. 

. Isolation of the field of resection and exclusion of contaminated gauze, 
instruments, towels, and gloves from the field before reperitonealization 
and closure of the wound. 

. The use of continuous gastric aspiration until obstruction is relieved, and 
for the immediate preoperative and postoperative period. 

. The provision of adequate hydration and nutrition, and the prevention of 
atelectasis after operation. 
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12. Parenteral administration of sulfadiazine and penicillin if soiling has 
occurred or at the onset of signs of sepsis. 
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FAMILIAL POLYPOSIS OF THE COLON 


Two Famiuies, Five Cases 


PLimpton GuptiLL, M.D., Rocuester, N. Y. 


(From the Department of Surgery, The University of Rochester School of 
Medicine and Dentistry) 


AMILIAL polyposis of the colon is a pathologie proliferation of the epithelial 

lining resulting in intraluminal folds of varying shapes termed polyps. These 
exist as villous, sessile, or pedunculated structures. It occurs in families, and 
progresses to malignant degeneration in a high percentage of cases. 

It would seem that, unless other evidence than a single case were established 
in a family, such as malignancy of the bowel or stomach, that case cannot be 
considered in this group. 

Menzel, in 1721, is credited’ with being the first to report this condition. 
Later, in 1861, Luschka’ described the condition in a woman 30 years of age. 
Two years later, 1863, Virchow? gave the first accurate pathologie description. 
It was, however, Cripps,? in 1882, who added the important factor of multiple 
related cases in establishing the authenticity of the disease. He described ac- 
curately the clinical manifestations of three cases occurring in a single family. 

Since that time there have been extensive studies of several families. 
Lockhart-Mummery and Dukes® have reported ten families with multiple oc- 
currences in each of three or four successive generations. McKenney‘ has ob- 
served three families, all in their third generation with this disease—in all, twen- 
ty-one eases. Friedell and Wakefield’ reported a family descended from a brother 
and sister with polyposis, now in the third generation. There are forty-nine 
members, nineteen of whom have either multiple polyposis or cancer of the 
large bowel. Rankin® reported three families in which polyposis has existed. 
Falk’ reported a family of seven children, six of whom had polyposis; the father 
had died at 48 years of age from cancer of the rectum. There is very convincing 
evidence in over 50 per cent of the reports of cases that the predisposition to 
polyposis is hereditary. The fact that a certain number of cases have apparently 
occurred singly may be attributed to various factors. Descendants of these iso- 
lated cases would, according to the law of heredity demonstrated in the earlier 
families, develop the disease. 

The direct factor causing the proliferative tendency in the colonic epithelium 
is unknown except that it behaves as a mendelian recessive and is transmitted by 
genes. It would seem, also, that this factor is similar to that causing adeno- 
carcinoma of the large bowel, for those individuals in these families who escape 
polyposis, in a great many instances, develop localized carcinoma of the colon 
or rectum at an earlier age, by several years, than the average. It is believed 
that this inherited factor accounts for a large share in the development of 
polyposis and the precipitating cause, if any, a small share. 


Read (by title) at the meeting of the Society of University Surgeons, Boston, Mass., Feb. 
13-15, 1947. 
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Although Kennedy*® found polyposis rare in children, he believes it is 
hereditary. McKenney® offered support of inherited tendency by reporting on 
a woman who had four children by two husbands; all of the children developed 
the disease. Lockhart-Mummery and Dukes* found evidence of a strongly in- 
herited predisposition in all ten of the families in their study, although in one 
instance all members of one generation escaped both polyposis and cancer. The 
successive generation, however, had the disease again. Pfeiffer and Patterson’? 
found a definite hereditary tendency in five cases. Hardy™ reported a woman 
23 years old, in whom he believed the disease to be congenital. McKenney‘ 
also thought the disease may sometimes exist at birth. He has observed a child 
2 years of age with well-established polyposis; three older siblings have more 
advanced stages, each in accordance with age. The two families reported at this 
time show hereditary instance. In one family the father and three children were 
afflicted ; in the other the father had cancer of the stomach, and the son polyposis 
of the colon with malignancy in three areas. 

MeLaughlin’ in 1943 collected from the literature 331 cases of multiple 
polyposis of the colon to which he added one case. Since that time there have 
been reported, in the available publications, two cases by Pugh and Nesselrod,!* 
five cases by Hickman," five cases by Pfeiffer and Patterson,!° and three by 
Rachet, Busson, Galmiche, and Rosey.*® To this group of 347 cases of polyposis 
of the colon the following five cases are added. 


CasSE 1—M. H., a 45-year-old man, was admitted to the Strong Memorial Hospital, 
Jan. 11, 1936, because of diarrhea which began five months earlier, rather suddenly, while he 
was on a vacation. One month later movements became nearly normal and remained so for 
another two months. At that time, diarrhea returned with urgency and, on occasions, partial 
loss of control. The patient noted that exposure of his back to cold brought on immediate 
movement, One month before admission he passed, for the first time, 4 or 5 ¢.c. of blood. 
Following this period he had tenesmus and crampy pain in the left lower quadrant. He was 
constantly tired and listless. One week before, as.a result of the first medical treatment, he 
used boiled skim milk without improvement. He passed blood again at the end of the move- 
ment. The day before admission there was marked abdominal distention, severe crampy pain 
in the left lower quadrant, flatus, and an explosive watery movement, ending with 5 c.c. of 
blood. He had pyrosis and vomiting on this day also. There were no other symptoms. 

Earlier history revealed that he had lost fourteen pounds during the past two years, 
weight at time of admission being 124 pounds. He had always had carious teeth, with re- 
peated apical abscesses. He had passed satisfactory yearly examinations at his shop; how- 
ever, one year before, hemorrhoids were noted for the first time. He had vague low back 
pain for six months, attributed to a partial fall in his shop. There were transient paresthesias 
of all extremities for the preceding week. 

He was married. His wife was alive and well. There were five children alive and 
stated to be well; male 24, female 20, male 18, female, 9, and female 4 years of age. His 
father was alive and well at 81 years, his mother well at 78 years. There were nine siblings, 
five alive and well, two dead of accidents, one sister with colitis, unexamined, one unknown. 

He worked in a dental construction factory; his habits were not remarkable. 

Examination revealed a well-developed small man with evidence of recent weight loss. 
Vital signs were normal. The left pupil was .6 mm. smaller in diameter than the right. 
Both reacted to light. A nasal septum deviated to the right, a nontender exostosis of right 
midmandible, complete adentia. There was a soft, blowing, apical systolic murmur without 
transmission, The abdomen was slightly distended, with mild tenderness over the course of 
the entire colon, which was easily palpated throughout. Roentgenogram studies of the colon 
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with barium revealed a dilated and atonic rectum and colon suggesting a long-standing ob- 
struction in the lower rectum. 

Laboratory examinations were normal except white blood cells, 15,400; neutrophiles, 
90 per cent; lymphocytes, 6 per cent; monocytes, 4 per cent; and stool contained blood. 


There were numerous external hemorrhoids and a tender movable mass lying in the 
anal canal; several other movable small masses were felt in the lower rectum, and 2 cm. above 
the inner anal orifice there was, mostly posterior, an indurated mass without a crater, ob- 
structing the lumen by one-third, but not adherent to the outside bowel wall. 

Proctoscopy revealed a broad-based indurated mass, vascular, friable, and un-ulcerated. 
There were many polyps of varying sizes. Biopsy revealed active carcinoma. 


Fig. 1 (Case 1, M. H.).—Roentgenogram of rectum and colon showing dilatation and ex- 
tensive polyposis throughout. The significance of these shadows was not realized until after 
sigmoidostomy. 


Treatment consisted in giving the patient the supportive measures available at the time. 
Two weeks after admission a first stage abdominal perineal resection was performed. Three 
weeks later a right-sided colostomy was made. However, he continued to have copious dis- 
charge of bloody, mucoid, thin material from both openings, and polyps could be seen in the 
lumen. Malnutrition increased; temperature was mostly .5° C. subnormal, and six weeks 
after hospital admission he died of inanition. 

Post-mortem revealed extensive polyps through large bowel and carcinomatous degenera- 
tion of a broad-based lesion extending into the muscular layer of the lower rectum. 


CasE 2.—D. H., 21-year-old woman, the second child of the first patient (Case 1), was 
first examined June 6, 1936, because of intermittent attacks of diarrhea lasting a few days 
at monthly intervals for two years. Blood in the stool had been observed once, about three 
months before. Rarely there was burning after movements. 

Weight at 108 pounds was her greatest. General examination was not remarkable. 
Proctoscopy revealed the rectum largely filled by multiple polyps, and roentgenogram showed 
an extensive process extending proximally to the cecum, with marked ptosis of the transverse 
colon. 

Hospitalization for colectomy was urged but refused. 

She was next seen two months later on Aug. 6, 1936. The first month of the interim 
history had been unchanged from that before. Then rather suddenly there was continual 
diarrhea of eight or more stools daily, increasing until the past week when she was con- 
stantly on the bedpan. Her strength rapidly left her. Intermittent periods of coma had 
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Fig. 2 (Case 2, D. H.).—Left, roent- 
genograms of colon filled. Only large 
polyps show as separate dark shadow. 
Right, partially evacuated colon; note the 
polyps in proximal sigmoid and the re- 
dundancy and dilatation of the same 
structure. 


Fig. 3 (Case 2, D. H.).—The entire 
colon as seen at post mortem. Note the 
glistening surface, the ubiquitous sessile 
polyps, and the overhanging infrequent 
large pedunculated polyps. The largest 
polyp was 6 cm. in diameter. 














290 SURGERY 


been present for one week, there was five pounds’ loss in weight, and for one day before ad- 
mission nausea and vomiting were frequent. 

Examination revealed an entirely different individual; unresponsive, apathetic, noticeable 
weight loss, and marked dehydration. Vital signs were normal; there was moderate tender- 
ness along transverse and descending colon but no mass was palpable; the rectum was filled 
with soft movable polyps. 

Laboratory studies were negative except a white blood cell count of 22,000 and hemo- 
globin of 11.5 Gm. per cent. Stool was strongly positive for blood. 

The patient was given intensive supportive treatment of fluids, glucose, and whole blood 
transfusions. Eight days after admission, using local anesthesia, an ileostomy was per- 
formed. However, she continued to have violent diarrhea with stringy mucus and blood. She 
had nausea and repeated vomiting; four days postoperatively she became cyanotic and 
comatose, and died thirteen days after admission. Post-mortem examination of the colon 
showed the mucosa to be entirely covered by polyps of all types. Several polyps in each 
section of the colon measured 6 cm. in diameter. There was a hard, firm gray white annular 
ring of tumor tissue 60 cm. above the rectum, entirely encircling the lumen and 3 em. wide; 
20 cm. below this mass there was a large broad-based firm polyp. Microscopic section through 
both of these areas showed active carcinoma. There were no enlarged lymph glands or 
metastases found. 


CASE 3.—A. H., 19-year-old son of the first patient (Case 1), and brother of two others 
(Cases 2 and 4), was admitted to Strong Memorial Hospital May 3, 1936, because of rectal 
bleeding of three months’ duration; this occurred as spotting on his clothing and had little 
relation to movements. There were infrequent periods of mild diarrhea. There were no other 
symptoms. 

Until this illness he had always considered himself entirely well. 

He was a well-developed, rather thin boy with no evidence of weight loss, who showed 
nothing on examination except multiple polyps in the rectum. 

Laboratory examination showed white blood cells, 16,350; hemoglobin, 13.7 Gm. per 
cent. Roentgenogram showed polyps throughout the entire large bowel. 

Proctoscopy revealed the rectum nearly filled by polyps. Biopsy of one revealed mitotic 
figures and cells which had broken through the basement membrane. 

Treatment by fulguration through proctoscope was begun July 21, 1936, and repeated 
five times, coagulating or cutting the pedicle of at least sixty polyps during each attack of one 
hour. During the last of these procedures the sigmoid was perforated and immediately re- 
paired through a laparotomy. 

On Feb. 18, 1937, the abdomen was opened, the sigmoid incised on the antimesenteric 
border, many polyps fulgurated, and the proximal end of the transected ileum implanted. 

On April 5, 1937, a resection of cecum and right colon to the midline was done, This 
section of bowel was 34 em. long, 8 cm. in diameter, and weighed 900 Gm. There were in- 
numerable polyps throughout, the largest measuring 3 cm. in diameter. Two months later 
the left colon and sigmoid down to two inches above the anastomosis were resected. It was 
65 em. long, with an average diameter of 4 cm. It weighed 925 Gm. Polyps were innumer- 
able, the largest being 3 cm. in diameter. The cut end of the remaining sigmoid was brought 
through the abdominal wall. 

During the next three months the sigmoid was freed of polyps by direct fulguration on 
four occasions. 

At the end of 1937 the sigmoidostomy was closed. During September, 1938, volvulus 
occurred requiring laparotomy. 

When checked in March, 1939, numerous polyps could be demonstrated in the rectum 
and sigmoid by direct visualization or by barium and air contrast films. However, it was 
not until Oct. 14, 1939, that resection of the remaining sigmoid and upper rectum was done. 
The ileum was planted in the rectal stump which was cleared of polyps from below. The 
pathologist reported the biopsy from the rectum showed malignant degeneration for the first 
time, although the cells had not broken through the basement membrane. 
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Fig. 4 (Case 2, D. H.).—Photomicrographs. Top, adenomatous polyp (X60). Bottom, adeno- 
carcinoma invading muscularis of the colon (100). 
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The patient was next seen seven months later, May, 1940; he was active and working 
daily. Weight was 125 pounds, his greatest—and about normal for the family stature. He 
had three semiformed stools daily. Examination showed a few rough areas in the rectum 
which were not considered definite polyps. He was requested to return in three months. 

However, he did not return until July, 1941. During the interim there had been a 
gradual increase in the number of stools up to six daily of a persistent watery type. Ful- 
guration was carried out; biopsy showed no malignancy. One week later it was necessary to 
tie an internal hemorrhoidal vein. During August, 1941, it was necessary to dilate the low 
rectum on two occasions as the extensive scarring of the fulgurations had contracted to form 
an obstructing ring. 


Fig. 6 (Case 3, A. H.).—Surgical specimen of cecum and right colon, 34 cm. long, 8 cm. 
in diameter, weight 900 Gm. A normal specimen of this extent would weigh approximately 200 
Gm. This area represents the most active polyposis encountered. The dark area in midcecum 
is a short pedicled polyp. 


A biopsy during October, 1941, for the first time showed definite carcinoma. A two- 
stage abdominal perineal resection was carried out immediately, excising as widely as pos- 
sible; there was already an indurated mass posterior in the rectum involving the whole thick- 
ness of the wall. 


Six months later, March, 1942, there was active tumor in the reopened perineal sinus. 
This was resected. During August, 1942, an orchidectomy was done. The patient was last 
seen one month later and died about the end of the year. 


In all, this patient had twenty-eight trips to the operating room, excluding diagnostic 
proctosecopies and transfusions. 


CasE 4.—P. H., 11-year-old girl, was the fourth child of the first patient (Case 1). She 
was admitted to the Municipal Hospital, Dec. 14, 1957, with a complaint of loose stools for 
six months, There was no blood or mucus, or weight loss. Because of the family history and 
symptoms a barium enema had been taken six weeks before, confirming the diagnosis of 
diffuse polyposis. 

Past history was entirely negative. She was of small stature, undernourished, and pasty 
in appearance. Vital signs were normal, There was slight distention of the abdomen. Many 
small soft polyps could be felt in the rectum. 

Laboratory studies showed a white blood count of 13,200; hemoglobin, 12 Gm. per cent; 
negative tuberculin test; otherwise normal. 

Between Dec. 16, 1937, and June 2, 1938, four proctoscopic fulgurations were performed, 
removing adequately all polyps in the distal 10 em. of the large bowel. In this case the polyps 
were smaller and more easily visualized than in Case 3. 
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Fig. 8 (Case 3, A. H.).—Photomicrograph of sections of polyps. Top, adenomatous polyp (X60). 
Bottom, adenocarcinoma invading muscularis of the rectum (100). 
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Fig. 9 (Case 4, P. H.).—Roentgeno- 
grams of colon. Left. colon filled with 
barium; it is enlarged and has typical 
mottled filling defects throughout. Right, 
after evacuation, showing polyposis in all 
parts of the colon. All growths are at 
the same stage of development. 


Fig. 10 (Case 4, P. H.).—Roentgeno- 
gram of chest showing the intercurrent 
tuberculous infection which occurred be- 
fore any abdominal surgery was _ per- 
formed. Patient recovered completely. 
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On June 4, 1938, an appendectomy for acute appendicitis was performed; convalescence 
was uneventful. 

Fulguration of two polyps in the sigmoidal area previously cleared was done on Aug. 15, 
1938. Two weeks later there were signs of minimal pulmonary tuberculosis and tuberculin 
skin test became positive. For the three months following, she was observed and treated at 
the local sanatorium, then released. 

On Dec. 1, 1938, a laparotomy was performed, the midsigmoid opened, several polyps 
present were fulgurated, and the proximal end of the transected terminal ileum was implanted, 
end-to-side. An ileostomy was left in the mid-right lower quadrant. 


ee 
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Fig. 11 (Case 4, P. H.).—Photomicrograph. Adenomatous polyp of the colon (X60). 


Six weeks later, the cecum and right colon were removed; and after a similar period, 
the colon and sigmoid were removed down to the anastomosis. Following the discovery of 
the recurrent polyps in Case 3 at this time, it was decided Sept. 10, 1939, to remove the sig- 
moid and rectum as low as possible, implanting the ileum into the rectum at the base of the 
cul-de-sac. This was done without difficulty, leaving three inches of the rectum. 

This girl, although underdeveloped and much underweight, stood all procedures well. 
During the ten months following the last operation she gained 43 pounds. 

Today, seven years later, she is a grown woman of 20 years. She is asymptomatic, 
weighing 105 pounds; she has one or two movements daily, always well formed. Digital ex- 
amination of the stump of the re.tum shows no polyps. It feels slightly granular on the sur- 
face, possibly the scars from fulguration. She will not permit proctoscopy or x-ray examina- 
tion. She is employed by a bank. 


CASE 5.—L. D., a 39-year-old white man, entered the Strong Memorial Hospital, Feb. 21, 
1941, because of an unexplained anemia. Two days earlier he had consulted his physician 
about the repair of bilateral uncomplicated inguinal hernias, Examination revealed a hemo- 
globin of 9.7 Gm. per cent and bilateral hernias. Otherwise all was negative. 
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Fig. 12 (Case 5, L. D.).— 
Roentgenogram. Barium 
enema at time of first ex- 
amination showing dilatation 
of rectum, obstruction in- 
complete in sigmoid, and 
polyposis in entire colon. 


Fig. 13 (Case 5, L. D.).— 
Roentgenogram of colon taken 
one year following abdominal- 
perineal resection of the ter- 
minal 50 cm. of the large 
bowel. Polyps are seen in all 
sections of the remaining 
colon. 
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Past history also revealed nothing remarkable.- His father had died one year earlier of 
carcinoma of the stomach. Mother and one sister were living and well; one daughter was 
living and well. 

In the hospital the negative findings and anemia were confirmed. 

White blood count was 12,200. Stool guaiac was strongly positive. Roentgen studies 
of the colon were made with difficulty, but showed polyps in the rectum and descending colon 
and a narrowed irregular, partially obstructed area in the sigmoid, probably carcinoma. 
Proctoscopy confirmed the presence of many small, sessile polyps in the rectum. 

The patient refused a laparotomy which was advised and left the hospital. 


Fig. 14 (Case 5, L. D.).—Photomicrograph showing malignant degeneration in a polyp; adeno- 
carcinoma of the colon (X60). 

He was next seen fourteen months later, April 29, 1942, complaining of crampy ab- 
dominal pain, weight loss, and blood in the stool, progressive for the past two months. He also 
noticed that for three weeks past bowel movements were more difficult, and the abdomen was 
increasing in size. 

Examination revealed a chronically ill man with marked weight loss. The vital signs 
were normal. The abdomen was distended, tympanic, and not tender. A mass could be felt 
in the left lower quadrant. The rectum had many polyps and an indurated mass about 8 em. 
above the sphincter. 

A cecostomy was performed, followed two weeks later by an abdominal perineal resection 
removing 50 cm. of the distal large bowel; a left-sided colostomy was formed from proximal 
segment of the colon. 
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The removed rectum and sigmoid showed many polyps; there were three areas of malig- 
nant growth; one in the rectum, one in the descending colon, and an annular lesion measuring 
4 cm. in diameter in the sigmoid causing the obstruction. 

The patient was not seen again. However, it is reported that one year later, March, 1943, 
he had regained 60 pounds in weight and was carrying on his previous occupation. Roent- 
genograms showed polyps throughout the remaining colon. The descending colon when viewed 
through a proctoscope showed many polyps; one 1.5 em. in diameter was described as appear- 
ing malignant. Over this region he received 800 R of x-ray therapy. 

He is now living in the West, carrying on a business, He apparently has no symptoms.* 


Of this family of seven people, apparently all well as late as the sum- 
mer of 1935, three remain who do not have evidence of the disease. The mother 
at 55 years and the youngest daughter at 15 years are both asymptomatic and 
apparently well. They refuse examination. The oldest son at 34 years is known 
to be free by early roentgenograms and a proctoscopy during the past three 
months. 

The second family has but one case of true polypoid disease. However, this 
is typical in its manifestations, being present in a diffuse form in all parts of 
the large bowel, as irregular, mucus-covered multiformed polyps. The patient 
also had the typical malignant degeneration in three places in the left-sided 
large bowel. There was one parent with carcinoma of the gastrointestinal tract. 

It is believed that other cases could be discovered in this family if exam- 
ination«were permitted. The fact that the existence of relatives can be estab- 
lished by Social Service and that they are apparently asymptomatic does not ex- 
clude polypoid disease. 

The diagnosis of polyposis is made from the history, digital examination of 
the rectum, proctoscopy, and roentgenogram of the colon. Of these the con- 
trast barium and air replacement enema is the most important. Only this 
ean show the diffuse polyps in all sections of the bowel with the characteristic 
mottled effect from barium on the surface and in the interstices of the polyps. 


The surgical specimens of the colon or rectum are essentially the same in 
all cases excluding the added pathology resulting from a superimposed carcinoma. 
The bowel is uniformly larger than normal, the haustral markings persist, the 
serosal surface in appearance is normal. The adjacent mesentery is often thick- 
ened and edematous, with several soft enlarged lymph glands. The colon when 
palpated is heavy, does not collapse on pressure, and feels rather soft. Areas of 
malignancy can be determined by constriction, scarring, or induration which is 
in marked contrast to the rest of the bowel. The weight of the bowel is greatly 
increased. The entire large bowel to the midsigmoid of one patient (Case 3) 
weighed 1,825 Gm., whereas that corresponding from a normal adult would be 
440 Gm. When opened the mucosal surface is mucus covered and glistening 
in appearance. It is everywhere studded with polypoid growths. These are 
closely placed villous and sessile, with a loose overlying group of pedunculated 
processes which, when large, are firm and have multiple polyps over the surface. 
The tissue is soft and friable. The pedicles are small and loosely covered by a 


*Since this report was submitted, this man has returned with an extensive neoplastic 
process involving the left colostomy and abdominal wall. Complete colectomy has been success- 
fully performed. 
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smooth mucous membrane. Malignant areas will appear broad based, invasive 
of the wall, and diffusely indurated. Occlusion of the lumen results from mass 
growth or annular invasion. Ulceration of the covering mucosa is uncommon 
in the degenerated areas. 


Microscopically the polyps have a thin core of connective tissue infiltrated 
with lymphocytes and covered by a markedly hyperplastic columnar epithelium, 
with many well-developed acini. Mitotic figures are numerous. Often also, 
the cells appear to be infiltrating the supporting membrane. 


The acini of the adenoma are equal in size, closely spaced, and lined by a 
single layer of cells. 

The constituent cells of an adenoma which is progressing toward cancer 
will show colloid degeneration, irregular and uneven growth, and invasion of 
the basal membrane. Later the cells form abortive acinar structures and cellu- 
lar sheaths which extend into the submucosal layer of the bowel. Definite adeno- 
carcinoma progressed from this stage. 

Malignant degeneration is an intrinsic characteristic of polyposis of the 
bowel. This fact is attested by the many reports. Hullsick'® found 36 per cent 
of the patients in a collected 127 cases had cancer. McKenney‘ found in each 
of three families an incident of 33 per cent of malignant degeneration. Hedin" 
stressed the frequency of intercurrent cancer from pclypoid disease. Jones’ re- 
ported a patient who, five years after fulguration, developed cancer of the rectum 
and died. Miller and Sweet'® reported a brother and sister, both of whom had 
polyposis and cancer of the terminal large bowel. Pugh and Nesselrod™ believed 
100 per cent eventually become malignant. 


Four of the five patients reported upon here had malignant degeneration, 
two of them multiple. However, the death of only one (Case 3) was due to 
cancer. The other two deaths (Cases 1 and 2) were due to the excessive demand 
made by the cellular growth on the general body metabolism resulting in fatal 
malnutrition. 

Malignant degeneration occurred in 80 per cent of these five cases, and in 
40 per cent it was multiple. In three instances the cancer was in the rectum, 
twice in the sigmoid, once each in the descending and left transverse colon. Al- 
though there is a very marked tendency for local invasion of adjacent tissue, 
illustrated by the repeated recurrence in Case 3, there appear to be only very 
late, if any, general metastases. No tumor was found in any of the five cases 
other than the direct extension into the bladder and perirectal tissue in Case 3. 
Although polyps oceur about evenly in all parts of the large bowel, cancer occurs 
largely in the terminal 50 em. Smedal* believed this to result from the trauma 
of feces. 

It would also appear that the cells of the recurrent growths have already 
taken on an intrinsic change by the time they become macroscopic, for these 
polyps while still small all are broad based, bumpy in shape, and less friable 
than the earlier sessile polyps. This suggests that the cells causing these later 
growths were either already intramural at the time of fulguration of the original 
polyp, or, if coming from a new area of epithelium, they had developed a 
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tendency toward degeneration before becoming a visible mass. The latter 
hypothesis is more acceptable, for the destruction of all existing polyps does not 
in my belief eradicate the intrinsic urge of the epithelium to proliferate. 

Treatment by x-ray over the entire colon is the only conservative therapy 
available. This would seem illogical from the beginning because the well-dif- 
ferentiated cells of the adenomas should be radiation-resistant. One patient 
(Case 5) received, one year after extensive abdominal perineal resection, two 
courses of 800 r. each of x-ray therapy over the remaining colon, with apparently 
some benefit. However, it is well to bear in mind the fact that this patient had 
had the terminal 50 em. of the bowel removed, which was the cancer area. 

The available reports are not enthusiastic. Vanzant?° treated two patients 
with x-ray for one and one-half years with benefit but does not feel that such 
management is ideal. In a personal communication McKenney has observed the 
progress of tumor growths following heavy radiation in individuals refusing 
surgery. 

The removal of polyps through multiple colostomies was used by Hedin” 
and recommended in selected cases. However, to me, it would seem a physical 
impossibility to destroy adequately the polyps as they occur in a true case of 
familial polyposis. Even if such were accomplished, once the colostomies were 
closed the surgeon would lose all chance of subsequent inspection of the mucosa, 
which is essential in permanent cure. The use of the colonoscope as suggested 
by Hedin?? would appear helpful but at best inspection can be carried out only 
to the splenic flexure of the colon. Other means for treating the disease present 
in the transverse and right colon would have to be added. 

Rankin? in 1930 advocated total colectomy but later,’ 1937, modified this to 
a temporary ileostomy, with subsequent colectomy and ileosigmoidostomy. Miller 
and Sweet?® treated two patients by complete colectomy. Jones'® reported a 
patient treated by ileosigmoidostomy, colectomy, and fulguration of remaining 
bowel. However, this patient died four years later from recurrence in the 
pelvis. McLaughlin’? found, in 1948, thirty-nine patients treated by surgery, 
as shown in Table I. The cases added are those of MeLaughlin,’? 1; Pugh and 
Nesselrod,'? 2; Hickman,'* 5; Pfeiffer and Patterson,’® 5; the author, 5. 




















TABLE I 
ier Ree i 1943. NEWCASES TOTAL 

Ileostomy and total colectomy 16 l 17 
Ileosigmoidostomy, colectomy 13 13 26 
Partial colectomy 6 6 
Ileostomy 3 2 5 
Tleosigmoidostomy 1 1 
Abdominal perineal resection 1 1 
Anastomosis ileum to low rectum 2 2 

Total 58 








It will be noted that during the past four years especially there has been a 
predominant choice of ileosigmoidostomy with fulguration of the remaining 
large bowel from below or through a temporary external sigmoidostomy. Lock- 
hart-Mummery** advocated this method and used it in several instances. The 
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two patients whom I reported as having the ileum anastomosed to the rectum 
earlier had ileosigmoidostomy. However, recurrence of polyps in the sigmoid in 
one (Case 3) necessitated resection of that stump and part of the rectum. In an- 
other (Case 4) this procedure was carried out as an elective, to eliminate all 
polyp-bearing mucosa and still preserve the sphincter. 


Fig. 15.—Diagram illustrating type of operation recommended. 


At the time of this resection a change in the terminal ileum was noted. The 
diameter was increased by 50 per cent, the serosa was grayish and granular, 
and the wall was firmer than usual. Whether this is a localized ileitis as sug- 
gested by Hickman" or a change incident to the altered physiologic function of 
the small bowel can be determined only on more observations. It is apparent, 
however, that the small bowel assumes certain new function, since both of these 
patients with no more than 8 em. of rectum had essentially normal stools twice 
daily. 


It is my opinion that all polyp-bearing mucosa must be removed and any 
segment of the rectum left with the sphincter should be sufficiently short to be 
readily accessible to direct vision and easy fulguration at all times. And even 
this preservation of the lower rectum may be done with wisdom only when the 
initial polyps are unquestionably benign. 
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k'rom the experiences with these cases leading up to a seven-year cure of 
one, it is my opinion that the procedure of choice is fulguration of the polyps 
in the lower rectum, anastomosis of iteum to rectum, followed by a two-stage 
colectomy and subsequent close observation. 


CONCLUSIONS 

1. Polypoid disease of the colon is inherited. 

2. Individuals of a family who escape polyposis will, in a large percentage, 
develop localized carcinoma of the bowel or stomach, at an earlier age than the 
average. 

3. Malignant degeneration occurs in a high percentage of cases, mostly in 
the sigmoid and rectum. 

4. Extirpation of the polyp-bearing mucosa is necessary to attain cure. 


~ 


5. A new type anastomosis is offered to make colectomy as near total as 
possible and still preserve the anal sphincter and normal bowel habits. 
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THE EFFECT OF STREPTOMYCIN IN ‘*‘CLOSED-LOOP”’ 
APPENDICITIS 


AN EXPERIMENTAL STUDY 


Jack M. Farris, M.D., Los ANGELES, CALIF., AND 
Howarp H. Romack, M.D. (By INviraTIOon), CAMBRIDGE, N. Y. 


HEMOTHERAPY as an adjunct in the treatment of peritonitis of appendi- 

eal origin occupies an important role in the armamentarium of the modern 
surgeon. The sulfonamide drugs have been credited with significantly lowering 
the mortality rate in spreading peritonitis as a sequel to appendicitis.1 More 
recently penicillin has received attention in this connection.’ 

The purpose in conducting this experimental study was to investigate the 
effect of streptomycin upon the course of obstructive ‘‘closed-loop’’ appendicitis 
in experimental animals. Because of its selective action upon the gram-negative 
intestinal flora it. seemed that this drug likewise would be a significant factor 
in combating peritonitis of intestinal origin. 

The bacteriologic aspects of appendical peritonitis in man emphasize the 
important role of the gram-negative colon bacillus. Appendical exudates in 
man contain Bacillus coli in 85 per cent of the instances, and in over 60 per cent 
of the cases the gram-negative colon group is predominant.’ The intestinal 
streptococci, in general, are considered nonpathogenic except for their reinfore- 
ing effects upon sublethal doses of B. coli. These facts suggest that a drug 
acting primarily upon the gram-negative organisms (streptomycin) would offer 
advantages in the treatment of appendical peritonitis over drugs which act pri- 
marily upon the gram-positive organisms (sulfonamides and penicillin). 


EXPERIMENTAL METHODS 


Thirty young adult rabbits, weighing between 2 and 3 kilograms, were 
used in this study. 

Controls.—Ten animals served as controls. Intravenous nembutal was the 
anesthetic agent. The abdominal area was carefully prepared with 5 per cent 
tincture of iodine and 70 per cent alcohol and suitably draped with sterile linen. 
All instruments were sterilized by boiling. A three-inch transverse subcostal 
incision was made on the right and the appendix identified. In one group of 
animals the blood supply to the appendix was completely sacrificed, the appendix 
erushed at its junction with the cecum, and ligated with a heavy silk suture. 
In the other group crushing and ligation were carried out with the meso- 
appendix intact. In a few animals saline washings of the appendix were ob- 
tained through a hypodermic needle for bacteriologic study. In all animals the 
appendix was distended by the injection of a sterile radiopaque medium (lipio- 


Read at the meeting of the’ Society of University Surgeons, Boston, Mass., Feb. 13-15, 
1947. 

This study was carried out while the authors were associated with the Department of 
Surgery, University Hospital, Ann Arbor, Mich. 
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dol or 70 per cent diodrast). The small needle hole through which the radio- 
paque substance was injected was reinforced with a mattress suture of fine silk. 
The appendix was then replaced into the abdominal cavity and the wound 
closed. Serial x-ray views were taken. Food and water were provided. No 
parenteral supportive therapy or chemotherapy was used. The procedure was 
earried out with a minimum of trauma and blood loss so as to provide standard 
conditions. 

Local Streptomycin.—Ten animals served for an identical experiment, ex- 
cept for a single local injection of streptomycin into the lumen of the appendix 
at the time of operation. The blood supply to the appendix was sacrificed in all 
of the experiments. After the appendix was devascularized and ligated at its 
base, a single dose of streptomycin was injected into the lumen of the appendix. 
The streptomycin was dissolved in sterile distilled water; 1 ¢.c. contained 50,000 
units. Three animals received a single 25,000 unit dose of streptomycin. Four 
animals received a single 50,000 unit dose. Three animals received a single 
100,000 unit dose. No further treatment of any kind was given. 

Systemic Streptomycin.—Ten animals served for an identical experiment 
except that streptomycin was given parenterally rather than locally. In five 
animals treatment was begun at the conclusion of the operation. In five ani- 
mals six hours elapsed before parenteral treatment was begun. Treatment 
consisted of an intramuscular injection (25,000 units) every six hours. Treat- 
ment was continued for a total of sixteen doses so that each animal received 
400,000 units of the drug. Streptomycin was not put into the lumen of the 
appendix as in the previous group. 

RESULTS 

Controls.—Nine of the control rabbits were dead in less than forty hours. 
Four of the animals in the group of ten succumbed between the eleventh and 
twentieth hour; three died between the twenty-first and thirtieth hour; one died 
between the thirty-first and fortieth hour; the ninth died between the forty- 
first and the fiftieth hour; and one animal survived. Autopsies uniformly dis- 
closed a diffuse peritonitis. The appendix ruptured in every instance, followed 
by a fulminating severe lethal peritonitis. The sequence of events following 
ligature of the appendix is illustrated in the serial roentgenograms in Fig. 1. 
The lipiodol-filled appendix in these two animals ruptured before the twentieth 
hour, with dissemination of the contents into the free peritoneal cavity. Both 
of these animals were dead before the thirtieth hour. 

The symptomatology was identical in all animals. They developed pro- 
found prostration, soon followed by abdominal distention and rigidity. The 
autopsy findings were practically identical in all animals. There was always 
a point of perforation in the appendix. If the blood supply was left intact, 
the area of perforation appeared to be somewhat smaller than in the devascular- 
ized group. In no instance did perforation occur at the site of ligature of the 
base, but rather in the body of the appendix. There was usually a small amount 
of foul-smelling bloody fluid in the peritoneal cavity. This procedure produced 
a pathologie lesion identical with so-called ‘‘closed-loop’’ intestinal obstruction. 
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1. 


1. 2. 8. 4. 


Fig. 1.—Serial roentgenograms depicting the sequence of events in the lipiodol-filled ap- 
pendix subsequent to ligature at the base. A, (1) X-ray immediately after operation, (2) fourth 
postoperative hour, (3) twelfth postoperative hour, (4) eighteenth postoperative hour. 8B, (1) 
X-ray immediately after operation, (2) fourth postoperative hour, (3) twelfth postoperative hour, 
(4) eighteenth postoperative hour. Note rupture of appendix in both animals with dissemina- 
tion of contents into the peritoneal cavity. 
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The appendix in the rabbit is relatively larger than in man (Fig. 2). When 
obstructed, it rapidly becomes distended and uniformly perforates, thereby 
seeding the peritoneal cavity with a large inoculum of pathogenic organisms. 
The resulting peritonitis with its attendant symptomatology and pathologie 
changes is similar to that observed in man. 





Fig. 2.—Illustration of the appendix of the rabbit with a ligature at the base. When thus ob- 
structed an isolated intestinal loop is provided for experimental observations. 


Local Streptomycin.—All ten animals in this group survived as a result 
of a single intraluminal injection of streptomycin. The postoperative course in 
this group of animals was indeed striking when compared with the eontrols. The 
animals at no time appeared sick and all took food and water freely within 
twenty-four hours. They all gained weight and showed no ill effects from the 
operative procedure. They were all sacrificed at intervals of one to four weeks 
and autopsies performed. 

Autopsy findings were identical in all instances. There was no evidence of 
peritonitis. It was difficult to obtain enough peritoneal fluid to moisten a cotton 
applicator for bacteriologic study. There were no adhesions between the peri- 
toneal surfaces. The appendix had not ruptured in any of the animals. In 
every instance, however, it appeared to be distended to about five times normal 
diameter. This produced a thin-walled cavity with a volume of about 20 c.c. 
which contained an odorless cheesy material representing particles of vegetable 
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debris and inspissated fecal material. The wall of this cavity when studied 
microscopically bore no resemblance to the normal histologic appearance of the 
appendix. In effect, an ‘‘autoappendectomy’’ had occurred. In every instance 
the peritoneal cultures were negative. The cultures from the cavity showed 
no pathogenic organisms, but in a few instances a few of the organisms of the 
‘soil and water’’ group were grown. It seemed apparent that sterilization of 
the lumen of the appendix had occurred, and even in the presence of total 
gangrene of the appendix the animal had received complete protection from 
peritonitis. Fig. 3 illustrates the roentgenograms on two different animals in 
this group. These views, taken twenty-one days after operation, indicate that 
the appendix still contains the lipiodol and the wall is intact. This suggests 
that mechanical factors alone are not sufficient to produce rupture in an ob- 
structed gangrenous appendix. 


A. B. 
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contained lipiodol.) 

Systemic Streptomycin.—Nine of the ten animals used in this experiment 
survived. There was no significant difference in the group receiving immediate 
parenteral streptomycin and in the group in which six hours were allowed to 
elapse before such treatment was instituted. The single animal that died had 
received 25,000 units of streptomycin intramuscularly immediately following 
operation. Death occurred twenty-four hours after operation, and a total of 
175,000 units of the drug had been given. Autopsy showed a large hemat:ma 
in the mesentery of the small bowel. The appendix had not perforated and 
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there were no signs of peritonitis. It was felt that this was an operative death 
concomitant with faulty technique. 

The remaining nine animals survived and were autopsied at intervals of 
one to ten weeks. One of the animals that was sacrificed four weeks after opera- 
tion showed signs of a peritonitis inasmuch as there were multiple fibrinous 
adhesions between all loops of intestine. However, this animal had appeared 
perfectly healthy and had gained weight throughout the experiment. The other 
animals were remarkably free of adhesions and the peritoneal surfaces appeared 
entirely normal. The appearance of the appendix was strikingly similar to 
that observed in the group treated with local streptomycin. An ‘‘autoappen- 
dectomy’’ had occurred. A cavity remained with a well-developed wall con- 
taining a small amount of odorless, yellowish, cheesy material which on culture 
did not show the presence of pathogenic organisms. There was never any free 
fluid in the peritoneal cavity. Autopsy performed on one animal ten weeks 
after operation showed the remains of the appendical appendage to be less than 
1 em. in diameter and length. Histologic examination of the appendiecal re- 
mains showed nothing but a granulation wall without the cellular characteristies 
of the normal appendix. 

It was our general impression, however, that these animals had an imme- 
diate postoperative course less smooth than that observed in the group treated 
with local streptomycin. It was generally somewhat longer before they began 
to take their food and water with relish. In the animals sacrificed at one week 
there were definite signs of local peritonitis. The appendix was covered with 
a heavy layer of fibrinous exudate, although it had not ruptured. It seemed 
apparent that all of these animals developed a low-grade peritonitis which sub- 
sided under parenteral streptomycin therapy. 


COMMENT 

Rabbits were chosen for this experiment because of their availability. A 
theoretical objection to the use of rabbits rather than dogs might exist because 
of the absence of the anaerobic flora, notably Clostridium welchvi, in the intes- 
tinal tract of the former. However, the significance of these anaerobes has 
remained an uncertain quantity, as to both incidence and etiologic significance. 
An exhaustive review of the subject has been reported by, Bower and associates.* 
It is practically undeniable that among the aerobic microbes the primary role is 
played by the B. coli. It is also rather generally agreed that Cl. welchii is not 
particularly virulent in the peritoneal cavity and that it is essentially sapro- 
phytie rather than pathogenic.* For these reasons we felt that rabbits would 
serve satisfactorily. 

The contrast in the results obtained in the animals treated with strepto- 
mycin when compared with the controls needs little comment. It is apparent 
that this drug is a potent agent against the bacterial flora of the intestinal tract 
of the rabbit (primarily B. coli). The failure of the blind appendieal loops to 
rupture in the treated group lends support to the view that the bacteriologic 
aspects of closed-loop intestinal obstruction are of greater significance than 
other allied theories relative to the concomitant ‘‘toxemia.’’ The failure of the 
appendix to rupture after ligature and devascularization in the treated group 
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indicates that mechanical factors alone are not sufficient to produce a ruptured 
appendix even in the presence of an impaired blood supply. 

The results obtained in the group treated systemically can perhaps be 
explained by the fact that streptomycin appears in peritoneal fluid rather 
rapidly, and its concentration tends to equal the concentration in the blood. 
Streptomycin also appears in pleural fluid in high concentrations. When the 
drug is given orally, relatively small amounts are detected in the blood. This 
is due largely to the lack of absorption of streptomycin from the gastrointestinal 
tract, as shown by the large amount of the drug recovered in the feces under 
such conditions.® A series of in vitro studies on streptomycin in the presence 
of artificial gastric and duodenal juice indicates that the potency of this anti- 
biotic agent was not materially affected when mixed with these substances for 
twenty-four hours at 37.5° C. Therefore, it appears that the administration 
of this drug may be an excellent method for sterilizing the gastrointestinal 
tract when given by the oral route. 

CONCLUSIONS 

1. Ligation of the rabbit’s appendix provides a convenient experimental 
method to study the effects of the ‘‘isolated obstructed intestinal loop.’’ In 
a series of ten animals this procedure resulted in a 90 per cent mortality within 
forty hours. 

2. Streptomycin is effective in preventing the ‘‘toxemia’’ and death of rab- 
bits in the experimentally obstructed and devascularized appendix. A single 


injection of this drug into the lumen of the appendix resulted in 100 per cent 
survival. Parenteral treatment is likewise effective. 

3. These studies support the view that in appendicitis, as well as intestinal 
obstruction, the bacteriologic aspects are of greater significance than other 
allied theories relative to the concomitant ‘‘toxemia.”’ 


We gratefully acknowledge the valuable advice of Dr. John Adcock, Associate Professor of 
Internal Medicine, University of Michigan. 
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ADDENDUM.—Similar experiments have been carried out with penicillin, both locally and 
systemically. In Group A 40,000 units of penicillin were injected directly into the appendix in 
five rabbits. All five rabbits survived and gained weight. Autopsy examinations at the end of 
five weeks revealed pathologic changes in the appendix which were similar to those seen when 
streptomycin was used. Signs of peritonitis were minimal, and in some instances perhaps a 
little more pronounced than in the streptomycin group. In Group B five rabbits were used for 
a similar experiment except that penicillin was injected parenterally. Fifty thousand units were 
given subcutaneously twice a day for two days, and then 50,000 units daily for three more days, 
giving a total dosage of 350,000 units. One of these rabbits died at the end of two weeks with 
generalized peritonitis and ruptured appendix, and the peritoneal cavity was filled with foul- 
smelling fluid. Another rabbit died at the end of three weeks with identical findings of general- 
ized peritonitis. The remaining three rabbits survived and were autopsied at the end of one 
month. Two of the three revealed many adhesions which were thought to be indicative of a 
chronic peritonitis. It is significant that penicillin is effective in preventing toxemia and death 
in this type of experiment, although apparently somewhat less effective than streptomycin. 








FEMORAL HERNIA WITH GANGRENOUS BOWEL 


CLARENCE DENNIS, M.D., aNnp RicHarp L. Varco, M.D., MINNEAPOLIs, MINN. 


(From the Departments of Surgery, University of Minnesota Hospitals and 
Minneapolis General Hospital) 


EMORAL hernias are attended by strangulation in a far greater proportion 
of the cases than is true in inguinal or ventral hernias, the figure being as 
high as 32 per cent in one series.” 

In speaking of hernia, certain terms must be precisely used to clarify the 
subject under discussion. ‘‘Strangulated hernia’’ is defined by Dorland as 
‘fone which is tightly constricted and has become or is likely to become”’ 
gangrenous. In the present paper we are concerned with hernias in which 
contained small bowel has actually become partially or wholly gangrenous. 

In such cases, with dead intestine in the sac, the published mortality rates 
are very high. Jens lost eight out of twelve patients, and a rather extensive 
review of the literature by Gatch and Montgomery uncovered only one report 
of five or more cases with a mortality as low as 25 per cent. 

The reasons for the formidable risk of such situations seem to us to fall 
under four main headings: 

. Local or peritoneal infection 

2. Systemic and pulmonary complications due to the intestinal obstruction 
3. Fear of section of the inguinal ligament, and 

4. Fear of primary anastomosis 


— 


CONSIDERATIONS IN THE SURGICAL MANAGEMENT OF FEMORAL HERNIA 
WITH GANGRENOUS BOWEL 


The conventional method of caring for patients with femoral hernia with 
gangrenous bowel consists in exposing and opening the hernial sac at the out- 
set, enlargement of the neck as necessary to permit delivery of more bowel, 
and either exteriorization or resection and primary anastomosis in that con- 
taminated field. The cases of Jens, Douglas, and of many authors cited by 
Gatch and Montgomery attest to the high risk resulting from such management. 

The risks of resection and primary anastomosis by older methods have 
been too high to justify the use of those methods. In most instances in which 
such eases have been reported, the field has been initially contaminated by 
opening the sac, and further soiled by performance of an open anastomosis. 
Disaster has further been courted by use of absorbable suture material for 
the anastomotic procedure. 

Certain alternative methods have been presented. Mulvany employed a 
temporary single-barrel ileostomy and multiple procedures to avoid the need 
for anastomosis in the presence of obstruction and gangrene. Gatch and Mont- 
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gomery were successful in three cases in which the incarcerated bowel was 
incised to make the external fistula, decompression of the previously obstructed 
gut was aided by use of the Miller-Abbott tube, and resection of the incar- 
cerated ileum and anastomosis of the remaining ends were accomplished as 
a final procedure. 
MINNESOTA METHOD 

We have devised a method of caring for these cases which we believe to 
be superior to any of those previously proposed both as to immediate safety 
of the patient and as to saving of hospital bed days for him. 





Fig. 1.—Skin incision: a, For recognition of gangrene, without opening sac; b, completion 
of incision after recognition of gangrene. 


The stomach is emptied with a Wangensteen tube and suction apparatus, 
and the patient is supplied with water and salt as needed. We usually find 
that he does well on 7 per cent of his body weight intravenously in the first 
twenty-four hours, one-half of this as 0.9 per cent NaCl and one-half as 5 per 
eent glucose in distilled water. Ordinarily one-third to one-half of this is 
given in the three hours employed in preparation for surgery. The patient 
is weighed and hemoglobin, hematocrit, blood urea nitrogen, chloride. and 
serum protein levels and carbon dioxide combining power are determined as 
further guides to fluid therapy. <A catheter is placed in the bladder. 

Under local block anesthesia, a vertical incision is made over the bulge 
in the groin and carried cautiously down to the peritoneal sac. The contents 
of the sac can be visualized through the remaining wall; bloody fluid, pus, 
feces, or black bowel can usually be readily recognized (Fig. 1, a). 
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In ease any of these indicates the presence of gangrenous bowel, dissection 
in this area is discontinued, and an incision is made 2 em, above the inguinal 
ligament and parallel to it, and the vertical incision is continued upward to it 
to make a T-shaped incision (Fig. 1, b). The aponeurosis of the external 
oblique muscle is split parallel to the ligament and about 1 em. above it, and 
extended into the external inguinal ring. The margins of the internal oblique 
and transversus muscles (and the cord if the patient is a male) are elevated, 
the deep epigastric vessels are divided and ligated, and the peritoneum is 
incised parallel with the oblique skin incision (Fig. 2). 


Fig. 2.—Incision in peritoneum for exposure of structures entering sac. 


From this vantage point, the viscera entering the hernia may be easily 
seen. Omentum, if involved, is easily divided and ligated close to the neck. 
The small bowel entering the sac is prepared by division of the mesenteric 
attachment from the proximal to the distal side of the incarcerated loop of 
bowel. Two Ochsner clamps are placed across each of these limbs of bowel, 
and the ileum is severed between each pair with the cautery. 


The gangrenous sac contents having been freed from intra-abdominal at- 
tachments, the inguinal ligament is divided close to the pubie attachment and 
split laterally, leaving enough heavy aponeurotic tissue applied to the front 
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of the neck of the sack to prevent relaxation of the neck and release of the 
soiled content. The sac is encased in a rather firm layer of fascia derived 
from the femoral canal. Dissection outside it frees the entire sac except for 
the residual fibrous portions of the ring, which can then be eut under direct 
vision from the surrounding tissues and left on the neck of the sae (Fig. 3). 
Palpation for an anomalous obturator artery adds an item of safety here. 


ge 
2 


Fig. 3.—Separation of neck of sac with retention of intact fibrous ring. 


The entire contaminated area may then be removed intact, without soiling 
of the remaining field (Fig. 4). 

Further preparation of the remaining bowel ends may then be done easily, 
and oblique, aseptic, end-to-end anastomosis is performed as for any case of 
resection in the presence of obstruction.’ Following closure of the mesentery, 
the bowel is dropped back into the abdomen. Performance of the anastomosis 
is facilitated by placement of the posterior silk row as interrupted Cushing 
stitches before use of the running eatgut. 

Closure of the peritoneal defect in the repair of the hernia is easily ac- 
complished because of the usual mobility of the peritoneum in this area. 
Closure is usually made by interrupted mattress sutures of 2-pound-test silk, 
approximating the margins of the defect resulting from excision of the sac 
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in a vertical line (Fig. 5) and closing the original oblique peritoneal incision 
in a line parallel with the original opening (Fig. 6). 

Repair of the hernial and surgical defect is simplified by application of 
the principles of the MeVay-Harkins modification of the Lotheisen hernio- 


Sac 
intact — 


Fig. 5.—Closure of peritoneal defect within abdomen. 
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plasty. The margins of the internal oblique and transverse muscles are su- 
tured to Cooper’s ligament as far laterally as the femoral vein (Fig. 7) and 
to the inguinal ligament lateral to that point (the cord in the male ordinarily 
being left external to this layer). A McVay-Harkins relaxing incision may be 
made in the posterior layer of the anterior rectus sheath if needed to gain 
approximation without tension. 


Fig. 6.—Peritoneal closure completed. 


aes ‘ 


Fig. 7.—Abdominal wall closure: approximation of muscle layer to Cooper’s ligament. 
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The inguinal ligament is restored easily by interrupted sutures of 3-pound- 
test silk, approximating it as far medially as it will go without undue tension, 
to the lacunar ligament and to Cooper’s ligament (Fig. 8). 


The aponeurosis of the external oblique muscle is finally approximated 
with interrupted silk (over the cord in the male), completing the hernial re- 
a] 
pair proper (Fig. 9). Silk closure of the skin is used without drainage. 
If no evidence of necrosis is apparent upon first exposure of the sac, it is 
well to dissect the sac rather widely and to place moist packs about it before 


Fig. 8.—Abdominal wall closure; reconstruction of inguinal ligament. 


“> a 


Fig. 9.—Abdominal wall closure; closure of aponeurosis of external oblique muscle. 
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incision of the sac wall. In one case clean omentum overlay gangrenous bowel 
and dirty fluid in the sac. The employment of this preliminary dissection 
permitted closure of the opening in the sae so that the operation could be 
completed essentially as described. 






In case no nonviable bowel is encountered, the sac, of course, may be 
widely opened, the hernia reduced by enlarging the neck medially, and the 
repair done entirely from below. 








RATIONALE OF THE OPERATION 





Preparation.—Our experience at the University of Minnesota Hospitals 
has indicated that the severely dehydrated patient has not the stamina to 
endure even the most careful surgery, and that even though the passage of 
three or four hours might increase the likelihood of frank gangrene in the 
strangulated bowel, it is a safer course in the long run to spend this time in 
performance of the blood chemical and hematologic determinations indicated 
and in appropriate partial hydration at least. 








Use of nasal gastric suction need hardly be diseussed except to condemn 
preoperative use of the Miller-Abbott tube as dangerously time-consuming in 
such cases. Use of the urethral catheter is an aid to estimation, by begin- 
ning urine flow, of a state of hydration sufficient to allow operation, and is a 
wise precautionary measure to keep the bladder out of the surgical field. 







Anesthesia.—In our earlier cases general anesthesia was used; later spinal 
injection was used; and finally we have agreed, as Watson does, that a good 
local block offers by all considerations the best relaxation and the safest type 
of anesthesia. An effort is made to block the ileo-inguinal nerve medial to 
the anterior superior spine of the ileum, the plexus surrounding the femoral 
vessels, and the intercostal nerves up to the tenth dorsal nerve as they 
‘eross the anterior axillary line. Infiltration of the mesentery is essential. Our 
patients are then awake, and do not lose cough reflexes or aspirate regurgitated 
gastrointestinal content with the facility of the sleeping patient. 










Above all, dependence on local block anesthesia, with re-enforcement peri- 
odically, permits the surgeon to work without the press of urgency so often 
inherent in the spinal or general anesthetic. We make no apology for expen- 
diture of 21% or 3 hours for the block and procedure. Restlessness is over- 
come by settling the patient in a comfortable position in the first place, and 
by the judicious use of small doses of morphine or pentothal intravenously. 









Recognition of Gangrene Without Contamination.—Use of a vertical inci- 
sion over the bulge of the hernia usually permits one to recognize by sight 
and smell the presence of frank gangrene without opening of the sac. There 
are some early cases, as indicated in Table II, in which the sae was incised 
after such inspection only to find that gangrene had actually oceurred. In 
these instances in which necrosis is not apparent through the intact sac, it is 
evidently of too short duration to have resulted in either frank pus formation 
or heavy bacterial contamination, for neither of these was noted in any of 
these incised cases, and healing was uneventful. In those in which gangrene 
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TABLE I, FrmMorAL HERNIAS WITH GANGRENOUS BOWEL—RESECTION OF 
BOWEL AND Sac INTACT 














| | DAYS | 

| ON 
CHART | | AGE SERV- | 
NO. | PATIENT | (YR.) DURATION | COMPLICATION | ICE RESULT 


718626 E. G. 68 36 hr. Supfl. infection 21 Well 
740093 J. K. 8] 40 hr. Phlebitis (opposite side) 29 Died* 
741007 I. D. 81 2 weeks 14 Well 
747475 J.M. 65 3 days Well 
275-47 J. W. 64 3 days Well 


*Died of ruptured aortic arch aneurysm; abdomen clean. 











was apparent through the intact sac, the pathologist usually found either per- 
foration of the bowel or obvious heavy contamination. When gangrene has 
been found after opening the sac, we have tried to close the sac by packs or 
forceps, although in two eases this has not been possible. 

Importance of Avoiding Contamination.—Bacterial contamination of the 
peritoneal cavity is probably better tolerated than it has been considered to 
be, even in the absence of our present chemotherapeutic agents. Nevertheless, 
a refinement which obviates this risk is an added measure of safety. 


Contamination of the serosal surfaces employed for the anastomosis is 
probably of much greater importance as indicated in an earlier paper.’ Use 
of the present method and of the oblique, aseptic, end-to-end anastomosis 
described in that paper seems to answer this requirement. 


We consider avoidance of contamination of the tissues to be used for 
hernia repair the primary aim in resection of the entire sae and content intact. 
An infected hernioplasty is extremely likely to be a failure. 

Avoidance of Absorption of Toxic Products in the Sac and Gut.—Knight 
reported experiments in animals in which release of strangulation obstruction 
of twenty-four hours’ duration had led to mild to lethal.blood pressure drops 
depending on the severity of the experimental strangulation. This same argu- 
ment should apply to man, as indicated by Knight’s observation that abdom- 
inal fluid and venous blood from clinical strangulation obstruction cases con- 
tained depressor substances demonstrable on intravenous injection into eats; 
this effect was absent in the absence of strangulation, in hydrocele fluid, and 
in fluid from old hematomas. 


TABLE II. FrmMorat HERNIAS WITH GANGRENOUS BOWEL—RESECTION OF BOWEL AND SAC 
INTACT EXCEPT FOR OPENING PACKED-OFF SAC BECAUSE OF DOUBT OF GANGRENE 





| | 

| 

| | 
| 
| 
| 
I 








| | DAYS 
| ON 
CHART | AGE SERV- 


| 
NO, | PATIENT (YR. ) DURATION | COMPLICATION ICE RESULT 


721976 F. 8. 50 18 hr. 12 Well 
2508-45 O. R. 65 12 hr. 17 Well* 
2905-45 C. B. 75 4 days Heart failure, pneumonia yy Diedt 
4900-46 J. H. 62 7 hr. Orthopnea, failure 9 Well 
327-47 M. H. 62 48 hr. 12 Well 


*Content slipped through ring accidentally. 
+Umbilical hernia; heart failure on admission. 
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Because of these experimental observations, it is important to resect the 
gangrenous segment of intestine without releasing the neck of the sack. A 
possible result of such substances in the sae fluid is suggested in a recent case 
of inguinal hernia with strangulation of seven hours’ duration and gangrenous 
gut operated upon by Wangensteen, in which this fluid escaped into the peri- 
toneal cavity; the patient suffered an extreme degree of ileus, which responded 
to intubation only after several days. 

Section of the Inguinal Ingament.—Section of the inguinal ligament is re- 
garded by most surgeons (Watson) as an unwarranted step, to be avoided 
at almost any cost. The success in our hands of the MceVay-Harkins hernio- 
plasty has given us confidence in approximation of the margins of the internal 
oblique and transverse abdominal muscles to Cooper’s ligament as far laterally 
as the femoral vein. The relaxing incision of the posterior layer of the an- 
terior rectus sheath has been used in some of the cases, but has usually not 
been needed to obtain approximation without tension. Repair of the inguinal 
ligament by suture of the medial end to the lacunar ligament and to Cooper’s 
ligament seems to have given satisfactory results. 

Our follow-up, unfortunately, has been very poor. One patient with an 
umbilical hernia died within two days. The other death came twenty-nine 
days after a femoral repair as described. In this case the repair was sound 
at autopsy. Of three patients upon whom follow-up studies have been carried 
out, two were without recurrence of hernia at two months and at one year, 
respectively, but one developed a recurrence as a direct inguinal hernia two 
years after repair. We did a follow-up on one patient, who had section of the 
inguinal ligament for excision of an arteriovenous fistula, for eighteen months; 
he had no sign of weakness here. Another patient had bilateral inguinal dis- 
section for carcinomatous nodes, with division of both inguinal ligaments; 
hére also, observation ten months and three months later showed no weakness. 
One patient had the entire left lower quadrant resected for recurrent sigmoid 
carcinoma, including the inguinal ligament, and leaving only Camper’s fascia 
and the skin; here also no sign of weakness was found on straining one year 
later. In four hemipelvectomies performed by another surgeon,* no evidence 
of weakness in this area resulted. We believe that precise closure of good 
tissues is much more important than preservation of the initial integrity of 
the inguinal ligament. 

We are perhaps a little conservative, but have not allowed these patients 
out of bed the same day as surgery, as we do other groin hernia repairs, but 
have usually kept them down for three or four days, that is until after strength 
gain has begun to develop.* 

Type of Anastomosis.—The considerations favoring use of the closed, aseptic 
anastomosis employed routinely in these cases have been fully discussed in the 
paper describing that procedure. At the time of submission of that paper, 
sixteen anastomoses had been made in the presence of obstruction, fourteen 
of them with gangrene, with two deaths. The record today, with about three 
times that number of cases, shows a lower mortality as experience has in- 
creased, and increasing confidence in the method has been gained. There have 


*Dr. John R. Paine. 
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been no further suture-line leaks. We have abandoned the local use of sul- 
fonamides as of no proved aid to safety. Although single-layer silk anas- 
tomoses, as proposed by Wangensteen, have been generally adopted for gastric 
and colic anastomosis and for end-to-end ileocolostomies, the importance of 
precision in suture placement in iliae end-to-end anastomosis in obstruction 
eases, where the disparity in diameter of the lumen may be one-to-two or one- 
to-three, has led us to continue with the two-layer anastomosis essentially as 
first described. 

General chemotherapy with sulfonamides or penicillin has usually been 
employed, but not in all cases. It seems to us to add as much to the con- 
fidence of the surgeon as to the safety of the patient. 


RESULTS 


Since March 19, 1942, ten patients have been treated by the technique 
described, nine for femoral and one for umbilical hernia, with gangrene in 
each ease. Six have been treated at the University of Minnesota Hospitals 
and four at the Minneapolis General Hospital.* 


In five cases (Table I) the procedure was performed just as indicated, 
keeping the sae intact throughout. Of these five cases, one patient died. He 
was an 81-year-old man whose strangulation occurred forty hours before sur- 
gery and whose wound healed primarily. Ten days after surgery he developed 
thrombophlebitis on the opposite side, which responded nicely to lumbar sym- 


pathetic novoeain blocks. He died suddenly twenty-nine days after operation 
while dressed and ready to go home. Autopsy showed the wound cleanly 
healed and the anastomosis in good order. Death was due to rupture of an 
aneurysm of the aortic arch. 

In the remaining five cases (Table IL) the sac was opened in three because 
visualization through the intact sac failed to demonstrate the early gangrene 
present. In one instance, the house officer doing the case, before one of the 
authors was called, did not know of this procedure (No. 327-47) ; the sae had 
been dissected from surrounding tissue and packed off; it was closed with 
hemostats and packed off with gauze during the progress of the procedure. 
Primary union occurred despite this theoretical contamination. In the final 
ease (No. 2508-45) the technique had not yet been developed to the point of 
routinely leaving the fibrous ring on the neck of the sae, and the strangulated 
gut slipped out of the sae and into the abdomen during dissection. It was 
fortunately an early case. In this group also, one patient died (No. 2905-45), 
a very obese, 75-year-old man with a strangulated umbilical hernia, whose 
repair was done in the face of frank cardiac failure which had not responded 
to attempts to digitalize him rapidly. 


*Since submission of this paper for publication, an additional case, a doctor’s wife, has 
been so handled for a femoral hernia with gangrenous ileum. An anomalous obturator artery 
was present and was identified and dealt with without difficulty and without incident. The 
patient was ready for dismissal at six days, but was kept three more days for investigation by 
x-ray and barium enema and meal for unexplained weight loss over several months. She is 
well at two months. The anastomosis in this case was a one-layer one, which we have found 
to work nicely, as reported elsewhere (Dennis, C.: Resection and Primary Anastomosis in the 
Treatment of Gangrenous or Nonreducible Intussusceptions in Children, Ann. Surg., In Press). 
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The inherent safety of the method is indicated by Case 4900-46, a 62-year- 
old cardiac patient with persistent orthopnea resulting from repeated coronary 
arterial thromboses. The procedure was necessarily done in a semisitting pos- 
ture, but was well tolerated, and the patient was up and walking in seven 
days and home, well, in nine days. 
CONCLUSIONS 
This method of repair of femoral hernia containing gangrenous bowel 
avoids contamination : 
(1) by division of the inguinal ligament 
(2) by opening the abdomen above the inguinal ligament to see and deal 
with the structures entering the sae 
(3) by resection en bloe of the sae, the fibrous neck of the sac, and the 
contents, and 
(4) by primary aseptic anastomosis of the distended intestine above this 
obstruction to the empty bowel below. 
The MeVay-Harkins modification of the Lotheisen hernioplasty with re- 
constitution of the inguinal ligament completes the procedures. 
In ten eases patterned on this plan, two patients have died, one of the 
heart failure with which he came, and one of a ruptured aortic aneurysm. 
The others left well. 
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END-TO-END ANASTOMOSIS OF THE ESOPHAGUS FOR 
ESOPHAGEAL ATRESIA 


ORVAR SWENSON, M.D., Boston, MAss. 
(From the Surgical Service, The Children’s Hospital, and the Department of Surgery, 
Harvard Medical School) 


URING the past eighteen months, I have had the opportunity of operating 

on twenty infants with atresia of the esophagus. In fourteen of these 
cases it was possible, after closure of the tracheoesophageal fistula, to perform 
primary anastomosis of the esophagus. One baby had an atresia of the esopha- 
gus without an associated tracheoesophageal fistula; a gastroesophagostomy 
was successfully performed. With the exception of the first baby in this series 
of fifteen patients, there were no postoperative deaths.* Multiple stage opera- 
tions, consisting of ligation and division of the fistula, gastrostomy, and mar- 
supialization of the esophagus, were necessary for the remaining five patients. 
Two of these are living. 

A mortality rate of 6.6 per cent for primary anastomosis of the esophagus 
in babies with atresia is an improvement over the results reported in the 
literature.” * * Changes in technique and in pre- and postoperative care may 
be partly responsible for this. A considerable portion of the credit is due to 
earlier diagnosis of the anomaly on the part of pediatricians and attending 
physicians. Furthermore, the dangerous practice of giving barium orally in 
this type of obstruction is now less common, so that aspiration pneumonia in 
these cases, due to barium, has been less than in the past. 

Preoperative Care.—Shortly after the infant with esophageal atresia is 
admitted to the hospital a small, soft rubber, No. 8 catheter with three holes 
in one end is passed through the nostril into the upper esophageal pouch 
(Fig. 1). Gentle constant suction on the catheter is used to remove saliva from 
the blind esophageal pouch. This reduces the danger from further aspiration 
of saliva while the patient is being prepared for operation. The infant 1s 
then placed in oxygen, given fluids parenterally to correct dehydration, and 
started on sulfadiazene and penicillin to help overcome.or prevent infection. 

Four to twelve hours after the initial parenteral fluids have been given, 
a red blood count is taken and if this is below 4.5 million a small blood trans- 
fusion is administered. If the blood count is over 4.5 million, plasma is given 
instead of blood. Under this therapy, in eighteen to twenty-four hours the 
baby’s temperature, which is often elevated at the time of admission, usually 
returns to normal, and the pulse slows and improves in quality. While it is 
not advisable to rush into operation until the infant has been carefully and 
adequately prepared, it is useless to delay operation beyond forty-eight hours 
after admission. Little additional improvement in the infant’s condition will 


saute ae at the meeting of the Society of University Surgeons, Boston, Mass., Feb. 
*One baby died of congenital heart disease at 3 months of age. Necropsy showed the 
esophageal anastomosis to be healed without a stricture. 
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be gained by further delay, and the likelihood of further aspiration pneumonia 
is increased. 

Anesthesia.—One operation in this series was done under local novocain 
infiltration. This was a baby with extensive pneumonia, congenital heart dis- 
ease imperforate anus, and perineal fistula. The pneumonia resulted from 
barium having been given by mouth in an attempt to make a diagnosis, prior 
to admission to the hospital, and the subsequent aspiration of considerable 
amounts of this irritating material. .A primary anastomosis of the esophagus 
was performed. The baby made a slow recovery. At a later date, anoplasty 
was performed under local anesthesia. 


Fig. 1.—Roentgenogram of patient with catheter in place in the upper esophageal pouch. 
A small amount of lipiodol has been injected through the catheter, outlining the blind end of 
the upper segment. 


Local novocain was also used as the anesthetic for part of a multiple stage 
procedure. This patient was a premature infant, weighing 3 pounds, 6 ounces. 
Anastomosis was not considered feasible, as the segments were too far apart. 
Therefore, the fistula was ligated and divided. The baby stood the procedure 
well; on the following day gastrostomy was performed under local novocain 
infiltration, and cyclopropane was given for marsupialization of the esopha- 
gus immediately following the gastrostomy. A good recovery was made, and 
the baby weighed 8 pounds 10 ounces at 6 months of age. (The remaining 
four patients subjected to multiple stage procedures were operated upon under 
cyclopropane anesthesia.) 

In both patients operated upon under local anesthesia the infants were con- 
siderably disturbed, and expended a great deal of energy. On the other hand, 
we have seen no ill effects from light anesthesia with cyclopropane, and the 
surgeon’s work is facilitated. 

Fourteen anastomoses of the esophagus have been performed under cyclo- 
propane anesthesia, with atropine as the only preoperative medication. Pre- 
operative morphine has been discontinued because of the marked respiratory de- 
pression which it causes during cyclopropane anesthesia in infants. 








SURGERY 


Operative Approach.—tImmediately before operation a cannula is placed 
in an ankle vein, and blood is given during the procedure. More blood is lost 
than is usually appreciated, and adequate replacement is of great importance 
for a smooth operative course. 

In all twenty cases a retropleural approach was used. In the first seven, 
a short segment of the third and fifth ribs and a long segment of the fourth 
rib were removed on the right side as far posteriorly as possible. In the last 
thirteen cases of this group, 1.5 em. sections of the third, fourth fifth, and 
sixth ribs were resected; this gave a better exposure than in the earlier cases. 
Remarkably little respiratory embarrassment was observed postoperatively, in 
spite of resecting part of four ribs. In one ease roentgen examination two 
weeks after operation showed that new bone had bridged the gaps in the re- 


sected ribs. 


Leaks in the anastomos's, when the approach is made retropleurally, are 
not necessarily fatal, as a fistula develops which drains through the wound and 


no fluid or air collects in the pleural cavity. In three cases at the Children’s 
Hospital, not in this series, such fistulas have closed and the infants made good 
recoveries. This has also been the experience of Haight’ in some of his cases. 
One baby in this series developed a fistula two weeks postoperatively. It was 
small, and closed spontaneously in about one week. 

Once the mediastinum is entered by freeing the pleura from the thoracic 
cage, and ligating and dividing the azygos vein, the tracheoesophageal fistula 
can often be visualized. This structure is adjacent to the vagus nerve. In 
the Type III (of Ladd?) the fistula enters the back of the trachea and is readily 
identified. More difficulty will be encountered in exposing Type IV, where 
the fistula enters the carina and therefore is deeper in the mediastinum. Type 
III is by far the most common anatomic arrangement seen in this anomaly. 

End-to-End Anastomosis of the Esophagus.—The problem in making an 
end-to-end anastomosis is to overcome the distance between the upper and 
lower esophageal segments. In order to secure the maximum length to the 
lower portion of the esophagus, the fistula is divided close to the trachea. As 
the fistula is being cut, the tracheal opening is closed by a running fine silk 
suture (Fig. 2). By this method, there is never a large opening in the trachea 
during division of the fistula, and the maximum length of the lower part of 
the esophagus is obtained. 

Not more than 2 em. of the lower esophagus should be freed, as the blood 
supply is poor and ischemia of the end is easily produced. This may lead to 
necrosis of part of the wall. or the impaired blood supply may prevent proper 
healing at the anastomosis. 

In suturing the esophagus, it is essential to avoid or reduce to a minimum 
the tension on the suture line. Furthermore, the anastomosis must be water- 
tight, as the baby will swallow saliva shortly after the end of the operation. 
Most anastomoses, except in this series, have been performed by the method of 
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Haight. This method uses two rows of silk sutures, telescoping the lower 
esophagus into the upper esophagus. No additional sutures are used to reduce 
the tension on the suture line. 

In the present series, a somewhat different technique has been employed. 
Because of the friable character of the lower esophageal segment, it must not 
be depended upon to carry any tension. The upper pouch is, in comparison, 
a sturdy structure, due to hypertrophy. Furthermore, it has an excellent 
blood supply, most of which originates high in the neck. Therefore, it is 


Fig. 2.—(a) Schematic drawing of the relationship of the upper esophageal blind pouch, 
the tracheoesophageal fistula and trachea; (b) the fistula is partially divided and the tracheal 
side partially closed with a running fine silk suture; and (c) the tracheal opening is shown 
Psa A second continuous suture has been used to turn in and reinforce the first suture 
ayer. 


possible to free the upper pouch high into the neck, and thus gain considerable 
length. Because of the thickened wall of the upper pouch, traction sutures 
placed through its muscular coats and submucosa are able to carry a considerable 
amount of tension. The traction sutures are then passed through the fibrous 
perivertebral fascia. When these are tied, the upper esophageal pouch is 
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pulled down into the chest and tension on the suture line is reduced. By the 
use of ‘these traction sutures, gaps of 4.5 em. have been successfully overcome. 
In addition, such sutures will prevent motion at the suture line, and thus 
encourage healing (Fig. 3). 
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Fig. 4.—(a) The anastomosis is started with a row of interrupted fine sutures through 
the muscular coats of the two esophageal segments; (b) a second row of fine, interrupted 
sutures is placed to approximate the mucosa; and (c) the anastomosis is completed with a row 
of silk sutures to the muscular coats anteriorly. 


The making of the anastomosis itself is time consuming. First, a row of 
fine interrupted sutures is placed posteriorly through the muscular coats of 
the esophageal ends. A second row is then placed through the mucosa of the 
two ends to approximate this layer. The anastomosis is finished by completing 
the first row of interrupted silk sutures, to the muscular coats of the ends of 
the esophagus. This type of suture does not turn in a diaphragm, which is 
an advantage because the lumen of the lower esophagus is small (Fig. 4). 
The suture used is 5-0 silk on half circle atraumatic needle. 

Passing the nasal catheter into the lower esophageal segment makes the 
anastomosis more difficult to perform. To insert the catheter into the lower 
esophageal segment after the anastomosis has been completed may damage the 
suture line. As soon as the operation is completed, the catheter, which has 





SWENSON: END-TO-END ANASTOMOSIS OF ESOPHAGUS FOR ATRESIA 329 


remained in the upper pouch, is removed. Leaving it in place postoperatively 
promotes pulmonary infection, and exudate along the tube in the nasopharynx 
may produce tracheal obstruction. 


A small rubber drain extending down to the anastomosis is left in place 
in the wound for four days. In this group of fifteen patients with primary 
anastomosis of the esophagus, one leak of the esophageal anastomosis occurred. 
This took place two weeks postoperatively, and the small fistula closed in one 
week. 


Fig. 5.—Photograph showing feeding being dripped into gastrostomy. Note the sugar _ nipple 
used to maintain the infant’s willingness to take food by mouth. 


Postoperative Care.—In the postoperative care the problem is to supply 
these infants with proper fluids, and adequate protein and caloric intake, to 
forestall generalized edema, which is a common and serious complication. 
Edema is due to a variety of causes, chief of these being the low protein re- 
serve in newborn infants, excessive fluids, particularly saline solution, low 
caloric and inadequate protein intake and infection. If edema develops, the 
suture line is endangered by the swelling. 


Oral feedings can be assimilated as soon as the anastomosis has been com- 
pleted, but to give them on the fourth to eighth postoperative days is danger- 
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ous, for the anastomosis is weakest during that period. Accordingly, it is 
felt that the wisest course is to postpone feedings by mouth until the anasto- 
mosis is well healed. 

For this reason, on the day following the primary anastomosis a Stamm 
gastrostomy is performed, using local novocain anesthesia. Eight hours after 
operation fluids are given via the gastrostomy, and in eighteen hours a dilute 
formula is started. This is brought up to full nutritional requirements in 


Fig. 6.—Roentgenogram of lipiodol in esophagus three weeks after anastomosis of the 
esophagus. 


forty-eight to seventy-two hours, depending on the condition of the patient. 
The feedings are at two-hour intervals at first and are dripped in slowly 


through a Murphy drip. If given too quickly, vomiting may take place and 
this is a severe strain on the esophageal anastomosis (Fig. 5). 


During the two or three days after operation, before a full diet is pos- 
sible, daily infusions of blood and plasma are given. 

By such a regimen, a reasonable protein and caloric requirement is soon 
made available to the infant. If a gastrostomy is not performed, and all 
liquids are parenteral, the fluid problem is difficult, and a good protein intake 
cannot be supplied in the first few postoperative days, when it is most essential. 
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In spite of all protective measures, most of the infants become more or 
less edematous, probably due to low serum protein. Concentrated albumin, 
given intravenously. has proved to be an invaluable aid in combating this dis- 
tressing edema. 

On the tenth postoperative day, providing there have been no complica- 
tions, one-half ounce of sterile water is given by mouth every two hours. If 
this is well tolerated, a part of the formula is then given orally, and gradually 
inereased until in two or three days all feedings are taken by mouth. 


7.—Photograph of two children reported in this series. The baby on the left is 6 months 
old and the child on the right is 8 months old. 


Fig. 


In only one of these infants has a stricture of the esophagus developed 
which required dilatation. This was an unusual case, with atresia of the ter- 
minal ileum as well as atresia of the esophagus and tracheoesophageal fistula. 
The fistula was divided by a transpleural approach, and the ileal atresia was 
corrected by a Mikuliez type of procedure. One month later a primary anasto- 
mosis of the esophagus was made, by a retropleural approach. There was 
considerable scarring of the lower segment of the esophagus and therefore it 
was not surprising that esophageal dilatations were required in this case. No 
other patient in this series has required dilatation. By roentgen examination 
(Fig. 6), some of these infants show fairly marked strictures. However, as 
long as the formula is well taken, dilatations are not necessary (Fig. 7). 


SUMMARY OF CASES 
R. M. (296099) was admitted Aug. 4, 1945. This 9-day-old baby boy, weighing 5 
pounds 6 ounces, was admitted with a diagnosis of tracheoesophageal fistula and atresia of 
the esophagus. Examination revealed extensive pneumoniaand marked generalized edema. 
On the following day the fistula was divided and an end-to-end anastomosis of the esopha- 
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gus performed. A nasal tube was kept in place through the anastomosis, and feedings were 
given through the tube postoperatively. The baby had cyanotic attacks, respiration became 
labored, and he died on the second postoperative day. Respiratory troubles were apparently 
augmented by the nasal tube and in all subsequent cases its use has been omitted. 

Necropsy demonstrated extensive pneumonia, pulmonary infarcts, and some mediastini- 
tis. The anastomosis was intact. The fact that this child did not reach the hospital until 
the ninth day of life was undoubtedly a factor in his death. 


L. C. (297981) was admitted Sept. 19, 1945. At 4 days of age this 5 pound baby 
girl with atresia of the esophagus and tracheoesophageal fistula was admitted to the sur- 
gical service of the Children’s Hospital. The infant’s general condition was fair; examina- 
tion revealed a systolic murmur, thought to be due to a septal defect. End-to-end anasto- 
mosis of the esophagus was performed, followed by a gastrostomy two days later. On the 
tenth postoperative day small portions of feedings were commenced orally, and four days 
later all feedings were by mouth. She was discharged on the twenty-first hospital day. 

The congenital malformation of the heart is associated with slight cyanosis on exer- 
tion but has not interfered with the normal growth and development of the child, who is 
now 15 months old. 


8S. K. (298835) was admitted Oct. 19, 1945. This 3-day-old premature male infant, 
weighing 4 pounds 4 ounces, had a mediastinal exploration for atresia of the esophagus and 
tracheoesophageal fistula. Closure of the fistula and an end-to-end anastomosis of the esopha- 
gus were performed. Gastrostomy was carried out the following day. The postoperative 
course was complicated by severe pneumonia. By the tenth postoperative day he had imn- 
proved and a part of the feedings were started by mouth. He was discharged taking all 
feedings orally on the thirty-fourth postoperative day, and has continued to do well at home. 


L. H. (304529) was admitted May 5, 1946. At 5 days of age this baby girl, weigh- 
ing 614 pounds was admitted to the Children’s Hospital with a diagnosis of atresia of the 
esophagus and tracheoesophageal fistula. On the following day, under cyclopropane anes- 
thesia, the fistula was closed and an end-to-end anastomosis of the esophagus made. Two 
days later a gastrostomy was performed under local anesthesia. Feedings were given via 
gastrostomy until the tenth postoperative day, when portions of feedings were started orally. 
The infant was discharged, taking all feedings by mouth, on the nineteenth hospital day. 


D. G. (304447) was admitted May 9, 1946. This 5 pound 10 ounce baby girl had ex- 
cessive, tenacious mucus and regurgitations of fluid taken by mouth. A diagnosis of esopha- 
geal atresia was made and the child admitted to the Children’s Hospital at 3 days of age. 
In spite of extensive pneumonia, an operation, consisting of division of the fistula and an 
end-to-end anastomosis of the esophagus, was performed. On the third hospital day gas- 
trostomy was carried out under local anesthesia. For one month the baby was in a pre- 
carious condition because of the pneumonia. After this she improved, and was discharged 
on the sixty-sixth hospital day, weighing 8 pounds 1 ounce. She has continued to do well 
at home. 


D. Q. (304556) was admitted May 12, 1946. This 2-day-old baby boy, weighing 6 
pounds had, in addition to a tracheoesophageal fistula and atresia of the esophagus, an 
atresia of the terminal ileum. Through a right transpleural approach the tracheoesophageal 
fistula was divided and closed. An abdominal incision was then made during the same 
operation; a Mikulicz resection of the terminal bulbous ileum proximal to the atresia was 
done and a spur made between the ileum and colon. A malrotation of the cecum was also 
corrected and a gastrostomy performed. The baby did well and nineteen days later the 
ileostomy was closed. 

An end-to-end anastomosis of the esophagus was performed five weeks after admission, 
through a right retropleural approach. The patient was discharged on the fiftieth hospital 
day, taking all feedings orally. Three dilatations of the esophagus have been necessary 
in the six months after operation; none have been necessary in the past four months. 
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A. D. (306133) was admitted June 1, 1946.. This 544 pound baby girl was brought to 
the Children’s Hospital at 2 days of age, because of atresia of the esophagus and tracheo- 
esophageal fistula. On the day following admission the fistula was closed and an end-to-end 
anastomosis of the esophagus performed. A gastrostomy was made on the next day. There 
were no postoperative complications, and partial feedings by mouth were started on the 
twelfth postoperative day. She was discharged, taking all feedings orally, on the twentieth 
hospital day. Three days later she was readmitted because of vomiting. She was given all 
feedings by gastrostomy for twenty-four hours, then gradually oral feedings were resumed. 
The baby did well and has continued to do so at home. 


J. W. (307687) was admitted July 28, 1946. This 2-day-old male infant, weighing 5 
pounds 7 ounces, was admitted to the Children’s Hospital and a diagnosis of atresia of the 
esophagus and tracheoesophageal fistula was made. The baby was in good condition and 
twenty-four hours after admission the fistula was closed and an end-to-end anastomosis of 
the esophagus performed. A gastrostomy was performed the following day. The baby 
did well and small amounts of fluid were given by mouth on the thirteenth postoperative day. 
On the sixteenth hospital day the baby was discharged from the hospital, taking all feed- 
ings by mouth. 

Three days later the baby was readmitted because of vomiting. This subsided after 
admission and recurred only occasionally until three weeks later, when it became projectile. 
A pyloric tumor could be palpated and a diagnosis of hypertrophic pyloric stenosis was 
made. Pyloromyotomy was performed. The baby has gained steadily since discharge. 


J. K. (307993) was admitted Aug. 11, 1946. At 5 days of age this 6 pound baby boy 
had a mediastinal exploration for atresia of the esophagus and tracheoesophageal fistula. 
The fistula was divided, and, in spite of the segments being 3.5 cm. apart, an end-to-end 
anastomosis was performed. The postoperative course was complicated by a severe en- 
teritis. This improved after ten days and the child then made a good recovery. He was 
discharged home on the twenty-sixth postoperative day, taking all feedings by mouth. 


C. St. G. (808779) was admitted Sept. 2, 1946. Because of regurgitation of all 
fluid offered, this 2-day-old, 5 pound 15 ounce baby girl was given barium by mouth and an 
atresia of the esophagus demonstrated. On the following day she was admitted to the 
surgical service of the Children’s Hospital with extensive pneumonia, and there was a loud 
cardiac murmur indicating congenital heart disease. An imperforate anus, with a small 
perineal fistula, was also present. 

Because of the extremely poor condition of the infant, the mediastinum was explored 
under local anesthesia, the tracheoesophageal fistula divided, and an end-to-end anastomosis 
of the esophagus performed. In spite of the infant’s poor condition, a gastrostomy was 
made under local anesthesia the following day. The postoperative course was stormy be- 
cause of extensive pneumonia and heart disease. Frequent bouts of tachycardia were not 
well controlled with digitalis. 

One month postoperatively anoplasty was performed under local anesthesia. A slow 
recovery was made, and the patient was discharged on the forty-fifth hospital day, taking 
all feedings by mouth. The baby was readmitted to the Children’s Hospital because of 
pneumonia and congenital heart disease, and died at 3 months of age. Necropsy demon- 
strated the esophageal anastomosis and the closed tracheoesophageal fistula to be healed. 
There was extensive pneumonia and a large interventricular defect in the heart. 


J. G. (309512) was admitted Sept. 12, 1946. This 3-day-old baby boy, weighing 6 
pounds 4 ounces, was admitted to the Children’s Hospital with a diagnosis of atresia of 
the esophagus and tracheoesophageal fistula. On the day following admission an end-to-end 
anastomosis of the esophagus was made and the fistula divided. The next day a Stamm gas- 
trostomy was established under local anesthesia and fluids were given through this, twelve 
hours postoperatively. The baby did well and was started on small oral feedings on the 
tenth postoperative day. He was discharged twenty days after admission, taking all feed- 
ings by mouth. Five months later the baby weighed 15 pounds. 

M. M. (309536) was admitted Sept. 16, 1946. This 5 pound 5 ounce baby boy was 
admitted to the Children’s Hospital at 5 days of age. Roentgen studies revealed an eso- 
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phageal atresia without a tracheoesophageal fistula. Usually in such cases there is absence of 
a great part of the lower esophagus, making an end-to-end anastomosis of the esophagus 
impossible. Through a left transpleural approach the diaphragm was opened and the 
stomach brought into the chest and anastomosed to the upper esophageal pouch. This was 
possible as the pouch was unusually low in the chest, extending to the bifurcation of the 
trachea. 

Feedings by mouth were started on the first postoperative day, and the baby did well 
except for some diarrhea. He was discharged on the eighteenth postoperative day, taking 
all feedings by mouth. He has done well at home, weighing 9 pounds at 3 months of age. 
Feedings are small in amount and have to be given every three hours. 

J. W. (311225) was admitted Oct. 26, 1946. This baby boy was admitted to the 
Children’s Hospital at 3 days of age, weighing 7 pounds 13 ounces, with a diagnosis of eso- 
phageal atresia and tracheoesophageal fistula. The following day an end-to-end anastomosis 
of the esophagus was made and the fistula closed. Twenty-four hours later a Stamm gas- 
trostomy was performad. The baby did well, and on the tenth postoperative day small 
feedings by mouth were started. No fistula developed. He was discharged, taking all 
feedings by mouth, on the eighteenth hospital day. 

R. 8S. (311426) was admitted Nov. 10, 1946. This 6 pound 6 ounce baby boy was ad- 
mitted to the Children’s Hospital with a diagnosis of imperforate anus, at 1 day of age. 
It was noticed on the surgical service that there was excessive salivation. A soft rubber 
catheter passed through the nostril into the esophagus demonstrated an obstruction. A 
diagnosis of atresia of the esophagus and tracheoesophageal fistula, in addition to the 
imperforate anus, and rectovesical fistula, was made. 

A sigmoidostomy and gastrostomy were performed under local anesthesia. Two days 
later the tracheoesophageal fistula was closed and an end-to-end anastomosis of the esophagus 
performed. The postoperative course was complicated by occasional vomiting, due to the poor 
function of the colostomy. As the colostomy started to function well, the vomiting stopped. 
The infant was discharged on the twenty-second postoperative day, taking all feedings orally. 
He was readmitted three days later because of a fistula from the esophagus to the back. This 
closed in seven days and has remained closed since that time (three months). 

R. B. (312406) was admitted Dec. 3, 1946. At 3 days of age this 5 pound 6 ounce baby 
boy had a mediastinal exploration with division of a tracheoesophageal fistula and end-to-end 
anastomosis of the esophagus. The following day a Stamm gastrostomy was done. The post- 
operative course was uncomplicated. Small oral feedings were begun on the tenth postopera- 
tive day. The infant was discharged on the eighteenth postoperative day, taking all feedings 
by mouth. 


SUMMARY 


A series of twenty patients with esophageal atresia that I have operated 
upon is reported. Fifteen patients had primary anastomosis, of whom fourteen 
survived; five had multiple stage procedures, and two of these survived, one 
of whom has had an anterior thoracic esophagus completed and the second 
awaits esophagoplasty. 

Pre- and postoperative care are deseribed. Details are given for an 
operative method for performing an end-to-end anastomosis of the esophagus. 
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OPEN JUMP FLAP REPAIRS OF THE LOWER EXTREMITY 


LIEUTENANT COLONEL BRADFORD CANNON, Masor Caru E. LIsCHER, AND 
COLONEL JAMES B. Brown (By INVITATION) 
ARMY OF THE UNITED STATES 


HE large, broad, surface defects and extensive deep scars of the lower 

extremity which must be resurfaced with flaps, for better covering or 
before successful deep surgery can be done, present a difficult problem in 
securing adequate amounts of skin rapidly and by simple, direct methods. 
The use of the open jump flap from the abdominal wall instead of a long tubed 
flap has reduced the time needed to complete a repair from many months to 
several weeks. By this method, wider defects can be covered than with a 
tubed flap, which is necessarily limited in its width. Thus, a single flap has 
been used to cover the sole and sides of the foot. And in another patient, a 
flap has been used to cover the whole anterior surface of the tibia. In some 
sears of the lower leg which might have been resurfaced with large local flaps, 
a jump flap has been preferred because the procedure is more rapid, less 
hazardous, and the results are more satisfactory. 

The importance of removal of deep sear and restoration of adequate sur- 
face covering before bone, tendon, and nerve repairs can be accomplished suc- 
cessfully has been emphasized before.''*? The bumps and blows to which the 
lower extremity and foot are exposed make adequate surface covering impor- 
tant even if no additional deep surgery is necessary. Consequently, a simple 
direct method of repair is important. 

The success of the open jump flap from the abdominal wall depends on 
the maintenance of a short broad pedicle throughout all stages of the transfer. 
Sufficient mobility of the leg, shoulder, and body to permit this shifting of the 
carrier arm into juxtaposition with the leg or foot is essential. The transfer 
has been done successfully to the sole of the foot, to the leg at the level of a 
stiff knee, and to other parts of the lower extremity. Selection of the ipsi- 
lateral or contralateral arm depends on which will accomplish the result with 
minimal discomfort in the cramped position. The contralateral arm may be 
preferred for large foot repairs. The radial side of the arm is generally used 
to earry the flap, but the ulnar side may be better in certain repairs such as 
the lateral aspect of the thigh. An excess of at least one-third in the size of 
the flap is allowed to compensate for shrinkage. One of the virtues of the 
open jump flap is that an adequate excess can be transferred. Failure to pro- 
vide enough skin defeats the purpose of the procedure and may necessitate a 
second flap. 


This work has been done in association with Majors William B. Davis, Stephen Chasko, 
Andrew M. Moore,: Joseph E. Murray, and Pierson Checket, and Lieutenant Colonel David 
Fisher, and Captains Milton Edgerton, James E. Jensen, and Allyn McDowell. 

9 Read at the meeting of the Society of University Surgeons; Boston, Mass., Feb. 13-15, 
1947. 
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TECHNIQUE 
An incision longer than the defect of the leg or foot is made on the radial 
or ulnar side of the forearm selected as the carrier of the jump flap. With short 
perpendicular incisions at either end, a long narrow flap is elevated. A direct 
abdominal flap of corresponding size is prepared at a suitable place on the ab- 
dominal or chest wall. The flaps are overlapped and sutured together. Any 
underlying raw surface on the abdominal wall is grafted. 


Fig. 1.—Resurfacing of sole of foot with open jump flap. Mid-thigh amputation of the 
other leg makes cross leg flap impossible. Repair was accomplished by flap carried on the op- 
posite forearm, completed with eight operations in sixteen weeks. 
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The delay of the remainder of the flap or ‘‘pancake’’ outlined on the ab- 
dominal or chest wall is usually completed in two or three stages, the first after 
about two weeks or more and the others at about weekly intervals. The delay 
consists in the partial severing of the normal blood supply to the flap at each 
stage. At the first stage, incisions are made along one or two borders and the 
flap undermined. At'the next stage, the remaining borders are cut and the 
undermining completed. A third stage is necessary only if the flap is too 
large to permit complete delay in two procedures. After each of the opera- 
tions, the incisions are sutured so that there is no exposed raw surface. Re- 
silient pressure dressings with cotton waste for support and hemostasis are 
essential after each of these procedures to insure primary healing. Adhesive 
strips are adequate for fixation but an encircling bandage may be used. Either 
one allows ready access to the wound for inspection of the flap and change 
of dressings. 

The prepared flap is now detached from the abdominal wall and the bed 
from which it came is usually covered with a split-thickness graft. The sear 
on the lower extremity or foot is dissected free, removing all deep scar tissue 
until an adequate minute blood supply is present. The back rest of the operat- 
ing table can be elevated so that the leg and the arm are brought together. 
When a suitable position has been established by adjusting the table and sup- 
porting the patient with sandbags or pillows, the flap is carefully and ae- 
curately sutured in place. If the pedicle of the flap is needed to cover part of 
the scarred surface, the scar is not removed completely until a final adjust- 
ment is made. A plaster cast is usually preferred to maintain position of the 
body, arm, and leg at this stage, but adhesive fixation may prove satisfactory. 
The fixation does not allow as ready access to the wound, but full support cf 
the patient through this period makes him more comfortable. 

In the transfer of the flap to the leg or foot, a combination of local infiltra- 
tion anesthesia for elevating the flap and a low spinal anesthetic for dissection 
of the leg and cutting a free graft to cover the donor area has proved more 
suitable than general anesthesia or local infiltration alone. With the patient’s 
cooperation, firmer fixation can be established more comfortably and in a more 
suitable position. 

Two delays usually suffice in detaching the flap from the arm. Adjust- 
ment of the flap on the leg or foot and resuture of the narrow flap in the arm 
may be done at the same time that the flap is cut free, or may be postponed 
until later. 


It has been possible to complete the procedure from the first operation 
until the final adjustment in as little time as ten weeks. Some of the larger 
flaps, however, have taken twelve to sixteen weeks. The arm is attached to 
the abdominal wall for three to five weeks, and to the leg for another three to 
five weeks, and the final adjustment is done one to three weeks later. 


COMMENT 


The use of open jump flaps from the abdominal wall has made possible the 
completion of repairs of large surface defects of the lower extremities and 
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foot in a much shorter time than by other remote methods. The local double 
pedicle or ‘‘slash’’ flap and the delayed local flap are more direct methods, 
but the size of the defect to be covered is limited and future deep surgery may 
be complicated by the sear on the leg. Open jump flaps are practically not 
limited in their width or length and the hazard of their transfer is reduced 
because at all times a broad attachment to the arm is maintained. A totai of 
twenty-two open jump flaps have been done with success in all but one in- 
stance. In this case, there was a narrow marginal loss. 

In the late care of all flaps, especially those covering a weight-bearing 
surface, daily inspection is important because of the possibility of local necro- 
sis and ulceration from trauma or burns in the insensitive flap. Return of 
sensation in all flaps is a slow process requiring months and occasionally years 
for complete regeneration. The rate of regeneration depends on the location 
of the flap and the adjacent or underlying nerve supply. Regeneration of the 
sole of the foot is therefore far slower than the thigh. In this group of recent 
flaps, only partial regeneration can be reported. 


SUMMARY 


The open jump flap from the abdominal wall in repairs of the lower ex- 
tremity and foot is described. 

Success of the open jump flap depends on the maintenance of a short broad 
attachment to the forearm throughout all stages of the transfer. 

Large repairs by this method can be completed more rapidly and with 


more satisfactory results than by other remote methods. 


REFERENCES 


1. Brown, J. B., and Cannon, B.: The Repair of Surface Defects of the Foot, Ann. Surg. 
120: 417-430, 1944. 

2 Brown, J. B., and others: Direct Flap Repair of Defects of the Arm and Hand, Ann. 
Surg. 122: 706-715, 1945. 





ONE-STAGE PUSH-BACK OPERATION FOR CONGENITAL 
INSUFFICIENCY OF THE PALATE 


HERBERT Conway, M.D., New York, N. Y. 


(From the Department of Surgery, New York Hospital and Cornell University 
Medical College) 


HE classic work of Dorrance and Bransfield*> on the anatomy and physiology 

of the palate and their description of the technique of the push-back opera- 
tion have served to establish the principles of surgery directed toward the correc- 
tion of imperfect speech in cases of congenitally short palate. The operation is 
performed in two stages. At the first operation the mucoperiosteal flap is ele- 
vated, the palatine arteries are divided, and a split-skin graft is sutured to the 
periosteal surface of the mucoperiosteal flap which is then sutured back to its 
original position. Three to ten weeks later, when collateral circulation is estab- 
lished, the mucoperiosteal flap is elevated and is dislocated posteriorly so that 
the distance between the soft palate and the posterior pharyngeal wall is dimin- 
ished sufficiently to allow for physiologic closure of the velopharyngeal sphincter. 
Although the functional results are good in a high percentage of cases following 
the use of this technique, the objection to it lies in the fact that two operations 
are necessary. Multiple operations are known to favor the development of 
fibrosis of the soft palate with consequent limitation of mobility which in some 
cases is reflected in imperfect speech. Cognizant of this problem, Brown” ? 
described his single stage operation for elongation of the congenitally short 
palate. In this procedure the mucoperiosteum of the hard palate is elevated as 
a direct flap and immediately set back. The palatine arteries are preserved. 
The posterior dislocation of the flap and the soft palate is accomplished by 
‘‘eareful loosening of all tissue around the artery, gently stretching it from the 
foramen and if necessary, carefully cutting it away from the palatal flap.’’ 
Brown stated that the contracture, resulting from healing on the raw surface of 
the mucoperiosteal flap which is exposed in the nasopharynx, does not seem 
great enough to warrant the use of a skin graft. In commenting upon this tech- 
nique, Dorrance and Bransfield have pointed out that if sufficient lengthening 
of the palate is obtained, the palatine arteries must of necessity be acutely 
kinked. It has been my experience that, in many cases, free backward disloca- 
tion of the palate cannot be obtained by the method described by Brown. 

Interest in this problem led to the dissection of anatomic specimens of the 
palatine bone. It was determined that the course of the palatine artery through 
the pterygopalatine canal invariably is downward and forward. Fig. 1 shows 
an artist’s sketch of this relationship. Viewed from above and from in front 
the descending palatine artery meets the horizontal plate of the palatine bone 
at an obtuse angle of approximately 135 degrees. Moreover, detailed study of 
the regional anatomy demonstrates that the contents of the pterygopalatine canal 
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include not only the descending palatine artery but also concomitant veins and 


the anterior branch of the palatine nerve, the fibers of which are derived from 
the sphenopalatine branches of the maxillary nerve. This nerve supplies the 
mucous membrane and the mucous glands of the hard palate and the alveolar 
process. Both the right and the left anterior palatine nerves send branches to 
both sides of the palate. In anatomic specimens it is a simple procedure to chip 
away the thin bone which forms the posterior wall of the pterygopalatine canal, 
thus completely freeing the small neurovascular bundle. Its easy posterior dis- 
location is shown in Fig. 2. Viewed again from above and in front, the angle 
at which the palatine neurovascular bundle meets the plane of the horizontal 
plate of the palatine bone is seen to be an acute angle of approximately 45 
degrees. 


Fig. 1.—Artist’s sketch of sagittal section of the bones of the face and mouth. The 
dotted lines indicate the course of the pterygopalatine canal which contains the descending 
palatine artery, concomitant veins, and the anterior branch of the palatine nerve. Viewed 
from in front and from above, this neurovascular bundle meets the horizontal plate of the 
palatine bone at an obtuse angle of approximately 135 degrees. 


Since preservation of the blood supply and the innervation of the soft 
palate are in keeping with the principles of reconstructive surgery the thought 
occurred that the freeing of the neurovascular bundle from its bony environment 
would overcome the objection offered to Brown’s technique for the push-back 
operation and yet allow for the effective performance of the procedure in one 
stage. Fig. 3 shows the relative positions of the mucoperiosteal flap, the neuro- 
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vascular bundles, and the soft palate before and after retroposition by this 
technique. The palate is depicted as at rest in this diagrammatic sketch. In 
preparation for the osteotomy the nasal mucosa is divided at the junction of 
hard and soft palate. The osteotomy is performed with a small chisel. The 
neurovascular bundle is retracted laterally as the posterior bony shelf is cut 
medially and then is retracted medially as it is cut laterally. A thin plate of 
bone, 3 to 4 mm. in width and 1 to 1.5 em. in vertical dimension, is removed. 
Fig. 4 is a sketch of the palatal region. On the left side the posterior bony wall 
of the canal has been removed. On the right side the dotted lines indicate the 
point at which the chiseling is started. After the osteotomy is completed the 
palate is dislocated posteriorly so that the soft palate touches the posterior 
pharyngeal wall. Sutures are placed to hold the anterior margin of the muco- 
periosteal flap to the fringe of the nasal mucosa attached to the hard palate 
(Fig. 4). In eases in which there is a bony cleft the palate may be split in 
a horizontal plane (as recommended by Brown) so that an opening into the 
nose is avoided. 


Fig. 2.—Artist’s sketch of sagittal section of bones of the face and mouth. In this 
specimen the posterior wall of the bony pterygopalatine canal has been removed and the de- 
scending palatine artery, concomitant vein, and the anterior branch of the palatine nerve are 
swung backward so that the angle at which they meet the horizontal plate of the palatine 
bone, when viewed from in front and above, is an acute angie of approximately 45 degrees. 


The technique for a one-stage push-back operation which has just been de- 
seribed has been carried out in sixteen patients without injury to the palatine 
artery. These patients have been followed for periods of time varying from one 
to fourteen months. Following operation, speech training has been emphasized. 
The expert work of Esti D. Freud, speech trainer at the plastic surgery clinic 
of The New York Hospital, has been an invaluable aid not only in training these 








SURGERY 











yo es 
Pe 

ag ce 
& wy 


-- 
oe? 
° 





@ 
r 


Fig. 3.—Diagrammatic sketch of the regional anatomy involved in the one-stage push- 
back operation. The dotted lines represent the position of the congenitally short palate. Ele- 
vation of the mucoperiosteal flap, division of the nasal mucosa at the junction of hard and 
soft palate, and removal of the posterior margins of the bony pterygopalatine canal allow 
for the easy posterior displacement of the soft tissues. The mucoperiosteal flap and the soft 
palate swing backward as on a pendulum consisting of the small, palatine neurovascular 
bundle. Division of the hamular process allows the lateral and superior extensions of the 
musculature of the soft palate to be retrodisplaced. 





Fig. 5.—A, X-ray visualization of the position of the congenitally short palate as the 
patient tries to pronounce “‘K.”’ The tongue, the posterior pharyngeal wall, and both surfaces 
of the soft palate are outlined by an opaque ointment made of bismuth and petroleum jelly. 
In this case the distance between soft palate and posterior pharyngeal wall before operation 
was 2.5 cm. When trying to say “K” the patient pronounced “hay” with strong nasalization 
of the sound. 

B, X-ray visualization as the patient pronounced “K” after the one-stage push-back 
operation had been done as outlined in this report. Note that the soft palate has been length- 
ened so that it now effectively closes the velopharyngeal sphincter. With the palate at rest 
the distance from posterior extension of soft palate to posterior pharyngeal wall was only 
7mm. The pronunciation of the posterior linguopalatals was normal. 
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Fig. 4.—Diagrammatic sketch show- 
ing the mucoperiosteal cap completely 
elevated, the nasal mucosa divided at the 
junction of hard and soft palate, and the 
posterior margins of the bony pterygo- 
palatine canal removed on the left side. 
On the right of the diagram the dotted 
lines indicate the points at which the 
chisel is inserted for removal of the pos- 
terior shelf and wall of the pterygopala- 
tine canal. One mattress stitch is in 
place to indicate the technique of suture 
of the anterior margin of the mucoperios- 
teal flap to the fringe of nasal mucosa on 
the hard palate after the soft tissues have 
been retrodisplaced. 





Fig. 5. (For legend see opposite page.) 
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patients in the development of normal speech but also in the selection of cases 
for operation. At the present time eleven patients can be said to have normal 
phonation and enunciation, while five are still taking speech training. This op- 
erative technique has been applied to an adult in only one case. Advantage was 
taken of the cooperative attitude of this 53-year-old woman to obtain x-ray 
evidence of the effect of the operation. According to the method of Frdéschels 
and Haudek,® the tongue, the posterior pharyngeal wall, and the two surfaces 
of the soft palate were coated (after cocainization) with an ointment of bismuth 
and petroleum jelly. The positions of the soft palate before and after operation 
as the patient tried to close the velopharyngeal sphincter in pronunciation of 
the consonant ‘‘K’’ are shown in Fig. 5. 


SUMMARY 


An additional operative step in the technique of the push-back operation 
for congenitally short palate is described. This step consists of the removal of 
a portion of the posterior wall of the bony pterygopalatine canal thus permitting 
easy backward displacement of the mucoperiosteal flap and the soft palate. By 
this step the blood supply and innervation of the palate are preserved. The pro- 
cedure permits satisfactory lengthening of the palate by a one-stage operation. 
The operation may be applied to cases in which there is congenital insufficiency 
of the palate without cleft as well as to cases in which there is shortening of 
the palate in association with incomplete or complete clefts. 
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THE REPARATIVE SURGERY OF SOFT PART WOUNDS 
SAMUEL P. Harsison, M.D., Prrrspureu, Pa. 


HE division of wartime surgery into initial, reparative, and reconstructive 

phases by Edward D. Churchill has been a very useful one. It has clarified 
considerably the study of war wounds in that each phase may be appraised 
separately, in keeping with the fact that different surgeons worked exclu- 
sively, for the most part, in one or the other situation, and few had an oppor- 
tunity to serve effectively in more than one. This paper deals with the repara- 
tive phase only, that period which begins as soon as the soldier is evacuated 
following initial surgery, and ends when he is returned to duty in the theater, 
or evacuated to the Zone of the Interior for reconstructive surgery or pro- 
longed convalescence. In the majority of cases the reparative phase concerns 
the early closure of wounds of soft parts and the rapid rehabilitation of the 
soldier, but in a considerable number it means early closure of extensive in- 
juries to facilitate later reconstructive work. 

The Twenty-first General Hospital* was fortunate in being the first general 
hospital to funetion in North Afriea, remaining there a year, in serving for 
nine months in the Italian theater, and then for ten months in eastern France. 
Thus it was possible to watch the changes in the treatment of wounds and to 
carry out early improvements in management. During the North African 
campaign the patients were received many days after wounding, usually after 
being evacuated through several installations. Most of the wounds were 
granulating and contaminated, if not actually infected. Sear, disability, and 
invalid reactions were all too frequent. All surgeons recognized the necessity 
for earlier closure and tried out various methods. In Italy real advances were 
made. In this geographically small theater lighter casualties were speedily 
evacuated (one to four days) to general hospitals where early closures were 
extensively tried and studied, leading to certain well-defined principles in the 
technique which were included in the directives of the Surgical Consultant for 
the theater. Shorter hospitalization, lessened disability, better morale, and 
decreased nursing care were the results. In France, during the third year 
abroad, with even larger number of patients, wound closure on or before the 
fifth day became routine in almost every suitable case. This was made pos- 
sible by developing special operating room techniques whereby five surgeons, 
one instrument nurse, and five anesthetists could handle 100 cases for closure 
(suture and/or graft) in a five-hour period (Fig. 1). 

Table I shows the material upon which this paper is based. The division 
of the data into countries serves to indicate the changing demands put upon 
the hospital as the war progressed. The experience is a large one and the 
table refers only to general surgery; it does not include the large number of 
orthopedic cases. Even though much has been written to date upon the sub- 
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SURGERY OF Sorr Part WouUNDS* 








N. AFRICA FRANCE 

TOTAL (11 MO.) (7 MO.) 

Delayed primary, and 8,445 111 5,837 
secondary closures 

Débridements, primary 571 43 331 

and secondary 
Removal of foreign bodies 388 115 185 
Split-skin grafts 429 66 196 


*Figures refer to patients, not wounds. General surgery only. 








ject of wound closure, it was felt that this large series, due to the fact that the 
hospital worked intimately in all phases of the problem from the beginning, 
was worth reporting. The outstanding impression obtained is that all surgical 
procedures became more and more simplified as time went on, so that now a 
comparatively few principles can be set down to cover all the problems. This 
simplicity became apparent only after discarding by trial and error many in- 
volved and unnecessary innovations. 


DRESSINGS 


The requirements of a satisfactory dressing after initial surgery include 
several essential points. They must remain in place, prevent edema of the 
wound and surrounding tissues, allow secretions to be absorbed, and afford a 
varying degree of splinting depending upon the wound. The inadvisability of 
the use of petrolatum gauze did not become apparent for some time, not only as 
a packing (or better, wick) in deep wounds and fractures, but as a covering for 
surface wounds and burns as well. In Italy many French and French Colonial 
troops were received from a French evacuation hospital. French surgeons at 
that time did more extensive débridements than our surgeons, and dressed the 
long wounds with plain gauze impregnated with an aqueous antiseptic. Four 
days later the dressings were noted to be totally bloodstained, quite hard, and 
firmly in place. Upon removing them under pentotha] in the operating room, 
an exceedingly clean red wound without edema was apparent which, when drawn 
together simply with sutures, healed most kindly. The secretions of the wound 
had been absorbed into the dressing where they dried and transformed the gauze 
dressing into the equivalent of a light cast. In contrast were wounds dressed 
with petrolatum gauze: the outside of the dressings looked very clean, but within 
were secretions dammed up behind the impervious inner layer of grease gauze, 
and on the raw wound was usually a thin layer of gray, fibrinous exudate. More 
and more frequently petrolatum gauze was discarded from various types of 
wounds until, in the French theater, dry fine-mesh gauze was used as the exclu- 
sive innermost dressing for extensive granulating areas and burns and for the 
initial dressing on skin grafts. The granulation color and cleanliness of burns 
were striking. The essential improvement rested upon the facility with which 
plain gauze passed on the secretions into the bulk of the rest of the dressing. 

At first it had been customary for the wound to be inspected at each stop 
in the evacuation of the soldier. The danger of this procedure soon became 
evident ; contaminated wounds became infected with human pathogens where 





HARBISON: REPARATIVE SURGERY SOFT PART WOUNDS 





Fig. 1.—Operating room for delayed primary suture. One sterile nurse (right) supplies 
Mayo. tables for five simultaneous operations, two of which are seen. Fifty cases may easily 
be handled in a few hours by five surgeons, 


Fig. 2.—The upper wound represents a delayed primary closure (tenth day) ; this suture 
of the chest wall made possible the removal of a large intrapulmonic foreign body through the 
lower thoracotomy wound at an early date. 
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before only saprophytes had been present; the pressure upon the wound was 
lost and edema developed ; each dressing injured the raw wound beneath. The 
procedure was also a tax on time and supplies. Greater experience showed 
that trouble in a wound almost always showed up in one or more of the symp- 
toms or signs of pain, tenderness, fever, or elevated pulse. With more rapid 
closures it became the rule not to disturb dressings in any way until the wound 
was inspected in the operating room on the fourth or fifth day after initial 
surgery, with immediate closure in contemplation. Ward officers, with the 
soldier’s chart and the record of a twenty-four hour period of observation in 
their own hospital, soon became expert in assessing a wound without exposing 


Fig. 3.—Simple equipment for skin grafting in use in Africa before regular knives were sup- 
plied. A bread knife and a suction box made from a tin can. 


it, holding back from the operating room those wounds that were too small 
for formal closure or those exhibiting spreading infections. Thus, the original 
initial surgical dressing was in place in the operating waiting room of the 
general hospital where the sergeant and his erew, masked and trained in 
aseptic technique, took down the dressing to the layer next to the wound, 
cleaned the surrounding skin and prepared a donor area if indicated. On oce- 
easion the surgeon helped at this point, being able to visualize the size of the 
defect from the soiling on the last layers of gauze. Hypodermics were adminis- 
tered by the corpsmen and the soldier was brought to the operating room 
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where, during busy periods, five Mayo tables for five operating tables were 
kept supplied with essential instruments (from a common supply) by one 
sterile nurse. A graft simply required the addition of a knife and board to 
these tables. Following closure, firm dressings of dry gauze were applied, not 
to be changed until about the seventh day when, in simple clean closures, the 
sutures were removed and no dressing was reapplied. This last procedure 
helped the morale of the soldier, rehabilitated him more quickly, and saved 
dressings. No infections were seen as a result of it. 


Thus the wound is managed entirely in operating rooms under aseptic con- 
ditions. Dressings become extremely simple when only the essential features 
are incorporated: initially, dry fine-mesh gauze next to the wound; bulky but 
firm outer dressings; splinting where necessary; one change of dressing only, 
and that done in the operating room of the general hospital at the time of 
closure. An exceedingly valuable adjunct is the use of stockinet made into a 
single thickness by cutting it on the bias in a spiral fashion. This provides a 
roller outside dressing of any desired width and length which gives excellent 
pressure and splinting, follows the contours of irregular parts accurately, may 
be washed and reused, and does away with the necessity of adhesive fixation. 
It is superior to the commercial elastic bandage and is more comfortable when 
worn directly next to the skin. It is also much cheaper.* 


WOUND CLOSURE 


A study of closures, more properly designated delayed primary closures, 
was made in Italy in 1943 and early 1944. The following factors were noted in 
a very careful evaluation of 200 consecutive cases: (1) time in hours from 
receiving wound to the initial débridement; (2) time in days from initial sur- 
gery to closure; (3) size, depth, and position of wound; (4) number of dress- 
ings prior to reparative closure; (5) technique of closure (buried sutures; 
excision, partial excision or nonexcision of the wound; use or nonuse of local 
chemotherapy) ; (6) dry or wet dressings postoperatively; (7) anaerobie and 
aerobic cultures of the wounds immediately prior to closure; and (8) the sur- 
geon performing the closure. The grading of the results purposely was very 
strict: four plus referred to per primam healing without redness or indura- 
tion; three plus to the presence of redness but no induration or exudate; two 
plus to slight exudation of serum (or pus from a suture hole); one plus to 
partial separation of the wound edges or the necessity to remove sutures be- 
“ause of infection; zero to total separation or breakdown; and double zero to 
spreading infection with definite harm incurred. There were no wounds in 
the series in the zero and double zero category. There was no correlation 
whatsoever between the types of organisms obtained upon culture and the sue- 
cess or failure of the operation. Because of the small size of the series the only 
interesting figures are those obtained by grouping grades two plus, three plus, 
and four plus together, representing ‘‘satisfactory’’ results (Table IIT). And 


*First Lieutenant Eleanor Brinkmeyer, A.N.C., suggested this substitute elastic bandage 
he us and our thanks go to her for the uncounted miles of stockinet which she cut “on the 
ias.”’ 
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TABLE II. Strupy or 200 Cases or WOUND CLOSURE* 








PER CENT PER CENT 
SATISFACTORY UNSATISFACTORY 


Local use of sulfanilamide 78 22 
No local drug 87 13 


Wounds less than 11 days old 91 
Wounds more than 11 days old 78 





Wet dressings postoperatively 96 
Dry dressing postoperatively 79 


‘Surgeon factor’’—lowest of 8 men 50 
‘*Surgeon factor’’—highest of 8 men a 94 








*See text for interpretation of results. 


’ 


of these figures only the remarkable ‘‘surgeon factor’’ is of significance; of 
the eight surgeons doing the closures, individual ‘‘satisfactory’’ results varied 
from 50 to 94 per cent! This finding naturally makes interpretation of the 
other variables impossible. 


Directly related also to the success of closure was the surgeon factor at 
the initial débridement at the front. There was great variance in competence 
depending upon experience (both prewar experience and that obtained during 
the war), and the resulting difference in wounds constituted a most important 
observation. This variation in results depending upon the operator, an un- 
expected finding in the series, resulted in considerable skepticism in regard to 
reports of closure techniques unless done by one man exclusively. 


In any event the over-all value and high degree of success of early closures 
were established by all hospitals. With better evacuation and more experi- 
ence, the simple principles involved became apparent. These included the 
dressing technique already described; closure of the wound within five days 
by simple suture or graft without disturbing the wound itself in any way 
except to free gently the retracted skin edges. (The surrounding skin surface 
only was treated with an antiseptic.) Secondary wound excision, the local use 
of sulfonamides, most buried sutures, petrolatum dressings—all were discon- 
tinued. Large wounds with considerable skin loss were sometimes undercut 
to obtain normal skin closure, and occasional flaps were swung to cover impor- 
tant areas, but simplicity gave the best results, and if, excessive tension would 
result from direct suture, split grafts were used freely. 


Soft part wounds in the reparative phase were found to fall into three 
general categories: (1) those suitable for immediate closure on the third to 
fifth day, constituting about 80 per cent of the cases (Figs. 4, 5, A and B, and 
7, A and B); (2) those in which débridement had been incomplete but in which 
there was no evidence of infection or cellulitis; and (3) those in which infection 
appeared to have the upper hand, with cellulitis, induration, excessive sup- 
puration, and considerable constitutional reaction. Wounds in the second eate- 
gory were redébrided on the fifth day and then closed three to four days later 
(Fig. 6, A and B). Wounds in the third category were treated by wet dressings, 
immobilization, and the chemotherapeutic agents until the infection subsided. 
True secondary closures in these cases were always uncertain, such as the late 





HARBISON: REPARATIVE SURGERY OF SOFT PART WOUNDS 353 


closures had been in Africa. Burns fell naturally into the second category 
since by redébridement, when demarcation was first apparent, areas suitable 
for grafting were obtained in from fourteen to twenty-five days. 

This large number of closures performed in one general hospital during 
thirty-five months overseas corroborated the statements of the consultants 
that ‘‘the actual bacterial flora of a wound is a much less valuable guide to the 
safety of closure than is experienced gross inspection’’; and that ‘‘even when 
virulent pathogenic organisms are enclosed in wounds during a proper closure 
there is little danger of a serious or fatal result.’’ 


Fig. 4.—Combined closure and graft of a calf wound. The tract of the perforating gun- 
shot wound had been laid open entirely, with considerable skin loss at each end. Closure 
fifth day; photograph fourteenth day. 


B. 


Fig. 5, A and B.—Closure and graft (latter not shown) of a shoulder disarticulation, per- 
formed six days after receipt of wound and amputation. Healed and ready for evacuation 
to the Zone of the Interior three weeks later. 


The illustrations are amateur photographs obtained all too infrequently. 
No regular photographie service was available, an omission which was keenly 
felt by all services. However, these serve as examples of the problems and the 
principles of solution. Reparative surgery almost always demands positive 
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knowledge as to the presence or absence of foreign bodies so that large ones 
can be removed at the time of closure if necessary. If roentgenograms do not 
accompany the patient they are obtained prior to operation. Figs. 10 and 11 
constitute a startling example of the importance of this knowledge in the ocea- 
sional case. This soldier, hit in the right lower quadrant of the abdomen while 
lying in a foxhole in Sicily with German planes overhead, was evacuated by 
boat to North Africa and a laparotomy performed. The torn intestines were 
sutured successfully but in the press of work no roentgenograms were taken. 





A. B. 

Fig. 6, A and B.—Extensive wound of upper inner thigh which exposed both the sciatic 
nerve and the femoral vessels. Note viable adductor longus muscle bridging gap. Treated by 
redébridement on the fifth day, closure and split graft on the ninth day. Abductor held against 
rest of muscles by adducting thigh, grafting over it, and applying pressure dressing with 
immobilization. 


He was passed through three other hospitals before arriving at the Twenty- 
first—traveling some 700 miles by various vehicles during the course of about 
three weeks. On arrival the laparotomy wound was partially broken down, 
he had a low-grade fever, but he was eating well and feeling well. <A large 
abscess was found over the left lumbar area and drainage was about to be 
done surgically when it was noted that there were no accompanying roentgeno- 
grams. Since the abscess was on the opposite side from the wound of entrance 
and since no exit wound was found and there was no note on the chart in 
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regard to a foreign body, roentgenograms were made. Needless to say, when 
the views were seen, an ordnance officer patient was consulted prior to opera- 
tion and his advice closely heeded iri removing the 20 mm. unexploded airplane 
eannon shell. It lay loosely within the abscess cavity together with a small 
piece of bone from the spinal column. Recovery was uneventful and the 
patient carried home his souvenir, now ‘‘de-loused’’ of its detonator but still 


full of T.N.T. 


A. B. 


Fig. 7, A and B.—Large superficial defect of thigh grafted on the fifth day; the abdomen 
was the donor area. Graft sutured in place because of difficult situation to provide proper 
immobilization. 


SPLIT-SKIN GRAFTING 


This procedure became an integral part of the closure problem and the 


ie] 


term ‘‘delayed primary closure’’ should include in its meaning the use of 
grafts and flaps wherever necessary. Much has been written on the subject of 
grafting and for present purposes it will suffice to emphasize only its sim- 
plicity. During the year in Africa no skin grafting instruments were avail- 
able. Having anticipated this before departure from the United States from a 
perusal of the equipment tables, a good quality hollow-ground bread knife 
had been purchased for $3.50. This knife served its purpose admirably for the 
fifty odd grafts done in Africa which were large enough to warrant it. The 
illustration of this knife (Fig. 3) is ineluded solely to emphasize the simplicity 
of the procedure. Later, the all-round preparation of the thigh and wrapping 
of the leg and foot shown in the picture was dispensed with, as was the suction 
box. Thereafter draping was confined to but a few inches beyond the area 





HARBISON: REPARATIVE SURGERY OF SOFT PART WOUNDS B07 


needed. In France, five knives were ready each morning, two of these being 
of the Blair-Brown type with Marck roller attachment for men inexperienced 
in the use of the free knife or for very large sheet grafts, and three being the 
Army-supplied Ferris Smith knives with replaceable blades. For 429 grafts 
performed on the general surgical service, the dermatome was used only three 
times. Indispensable as it is for certain very special cases, for routine work 
in reparative surgery it is unnecessary, cumbersome, and time consuming. 
Also, with five or six grafts to be accomplished in a morning by different men, 


Fig. 8. Fig. 9. 


Fig. 8.—Lay-on grafts, tenth postoperative day. 
Fig. 9.—Grooving wound of heel, partially severing Achilles tendon. Simple lay-on graft 
obtained from same calf. 


several of these expensive instruments would be necessary, and considerable 
time would be wasted in cleaning and resterilizing them. But perhaps the 
most important. objection of all to the routine use of the dermatome was re- 
vealed by the experience with donor areas. These instruments make possible 
the securing of grafts without learning the complete technique and in at least 
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six patients coming from other hospitals where they had been used, the donor 
area, having been denuded too enthusiastically of skin, had to be grafted later. 
No attention had been paid to marked variations in the thickness of the hides 
of different individuals to say nothing of the variations from inner to outer 
thigh, to calf, abdomen, back, or arm. All donor areas should be healed within 
two weeks and, when properly handled, several successive crops of skin may 
be obtained from the same area. Again it was found that dry, fine-mesh gauze 
gave entirely satisfactory results as a donor area dressing, the dressing remain- 
ing in place until complete healing had taken place. Discomfort on ambula- 
tion, in the absence of infection or a poorly applied dressing, was not increased. 


Fig. 10. Fig. 11. 


Fig. 10.—X-ray view of German 20 mm. aircraft cannon shell (unexploded) lying in ab 
scess cavity of left back. Its presence was unsuspected for three weeks (see text). 


Fig. 11.—Same case as Fig. 10; removal of shell. 


Methods of applying and fixing grafts in place have been numerous. 
Many of these, for war purposes, are unnecessary. The four- or five-day-old 
wound, as yet ungranulating, provides an excellent base for a split graft. It is 
dry and without edema. In most cases the graft can be carefully spread over 
the area and maintained for several minutes in a state of moderate tension. 
The normal serum, fibrin, and thrombin released from both the graft and the 
recipient area provide their own satisfactory ‘‘glue’’ to maintain this tension, 
eliminating altogether the necessity for sutures. Fig. 8 is an example of this 
type. In extensive areas, every small tag of skin cut by the knife is made use 
of by this lay-on technique. This is not possible when suturing is depended 
upon. In other areas, a few interrupted sutures or a running stitch serve bet- 
ter, especially where the application of a proper dressing is difficult (Fig. 7, 
A and B). As in all grafting, the dressing is all important. It must provide 
almost complete immobilization of the graft, evenly distributed pressure, and, 
in incomplete coverages, facilities for the escape of serum. Sponges, casts, and 
mechanics’ waste are not necessary in most cases. Dry fine-mesh gauze next 
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to the wound, compressible bulk to fit, and elastic stockinet serve very well. 
Just as fine mesh is much superior to the coarse mesh variety, in that adherence 
to the wound by the growth of granulations into it is lessened, so nylon and 
rayon materials, as recently reported, will probably be shown to be even better. 

Penicillin was used to protect the ‘‘take’’ on very large grafts and for 
grafts in areas of obvious contamination. Its value cannot be estimated since, 
in Italy and France, the loss of a graft on these ideal recipient sites was too 
rare an occurrence to provide study. 

The aftereare of grafts during war is frequently neglected. Whether the 
man is returning to duty or being sent to the Zone of the Interior for further 
surgery or convalescence, the healed area must be watched for sebaceous col- 
lections, small abscesses, encrusted granulation points, and dryness. Certainly 
here there is a use for lubrication of the skin with petrolatum jelly, cold cream, 
or lanolin. An excellent coverage may be spoiled by carelessness in this regard. 

Chemotherapy, local and systemic, has been adequately discussed in many 
papers and is not included here. From the experiences at this hospital, proper 
surgery is by far the most important single factor affecting success. 


SUMMARY AND CONCLUSIONS 


1. The reparative surgery of soft part wounds is discussed, based upon 
experience with 8,445 closures and 429 split-skin grafts performed in one gen- 
eral hospital during thirty-five months in the North African, Italian, and 


French theaters. 

2. Suecessful delayed primary closure of war wounds depends upon the 
following principles: skillful initial surgery at the front; prompt evacuation 
without disturbance or inspection of the wound; simple suture and/or graft 
in the general hospital, preferably prior to the sixth day; prompt rehabilitation 
as soon as healing warrants it. 

3. Sound surgical principles are stressed. The skill and judgment of the 
individual surgeon, not the particular technique used, are the main determi- 
nants of success. 

4. Petrolatum gauze next to open wounds has definite disadvantages. 

5. Dry fine-mesh gauze next to the wound and stockinet compression 
bandages on the outside are the most simple, economical, and effective dress- 
ings for closures, grafts, and burns under war conditions. 

6. Local chemotherapy in closures has not been shown to be significantly 
useful. 

7. Split-skin grafts are an integral part of early wound closure; simplicity 
of technique is stressed. 








2,2’-DIH Y DROXY-3,5,6-3’,5'6 HEXACHLORODIPHENYLMETHANE 
(G-11) AS AN ANTISEPTIC FOR USE IN SURGICAL SCRUBBING 


DonaLp G, C. CiuarK, M.D.* (By INvITATION), NEw Haven, Conn., JOHN S. 
Lockwoop, M.D., New York, N. Y., ANp ExizaBetu Lewit, B.S. 
(BY INVITATION), NEw HAvEN, Conn. 
(From the Department of Surgery, Yale University School of Medicine) 


HE wide variety of antiseptics used for the preoperative preparation of the 

skin of the surgical patient and the hands of the operator points to the lack 
of clear-cut superiority of any preparation so far introduced. Many of those 
commonly used have been evaluated by Price,’* who described a method of 
study which involved an estimation of the influence of the antiseptic upon the 
disappearance curve of the skin flora during a cycle of surgical scrubbing. 
This method was used in a modified form by Hatfield and Lockwood in their 
investigation of still other skin antiseptics.t Both reports showed that none of 
the antiseptics studied had any advantage over 95 or 70 per cent ethyl alcohol 
as far as the primary reduction of skin flora is concerned. Further related 
work was carried out, using modifications of the Price technique, by Pohle and 
Stuart, with rosin soaps,®® and by Pillsbury and his co-workers with anti- 
septics in ointment bases.” 

This paper offers an evaluation of 2,2’-dihydroxy-3,5,6-3,’5,’6’ hexachloro- 
diphenylmethane in a liquid soap base as an antiseptic detergent for a surgical 
serub. This compound, hereafter referred to by the manufacturer’s code name 
of G-11, has already been extensively studied by Traub, Newhall, and Fuller,* ° 
who have shown that the continued use of a toilet soap containing 2 per cent 
G-11 has a marked effect on the number of ‘‘resident’’ bacteria present on the 
skin. They also showed that G-11 was nonirritating and nonsensitizing as evi- 
denced by some 400 patch tests which were repeated on the same subjects after 
an interval of from ten to fourteen days. The present paper describes the re- 
sults obtained by adding 2 per cent G-11 to a standard neutral liquid soapt of 
a type widely used in surgical scrubbing. 


MATERIALS AND METHODS 


These experiments were carried out by a further simplification of the 
Price method as modified by Hatfield and Lockwood.‘ In the initial series of 
experiments the scrubbing procedure was divided into three five-minute periods 
with the washings from each period being collected in a separate basin. Neutral 
Ivory Snow was used during the first and third scrubbing periods. Control 
experiments were performed with neutral liquid soap during the second period, 
and results compared with experiments in which G-11 was added to this vehicle 


. rey (by title) at the meeting of the Society of University Surgeons, Boston, Mass., Feb. 
13-15, 1947. 

This study was aided by a grant from the Johnson and Johnson Research Foundation. 

*William Harvey Cushing Memorial Fellow. 

*Synol, Johnson & Johnson, New Brunswick, N. J. As marketed commercially, this soap 
contains some phenol, but for the sake of this study we compared the ‘‘Synol’’ with G-11 only 
and a control of Synol without the phenol content. 
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for use during the second period. Samples were taken from each basin for 
culture, and a comparison of the bacterial counts from the first and last basins 
afforded an index of the influence of the antiseptic on the number of bacteria 
remaining on the hands. This technique is based on the assumption that the 
number of bacteria removed in any given time is proportional to the number on 
the hands at the time of the scrub (Pohle and Stuart*). 


Technical details were as follows: All materials used were sterilized by 
autoclaving at 18 pounds’ pressure for twenty minutes, the basins, towels, and 
graduates having been wrapped in a double thickness of muslin. The subjects 
used were all medical students and were carefully instructed in the serubbing 
technique. Distilled water, 500 ¢.c., was placed in a basin and the subject 
wet his hands and received 0.5 Gm. Ivory Snow poured onto the palm. The 
palms and backs of the hands were scrubbed with a sterile brush for five seconds 
each; then the forearms for fifteen seconds, timed by a stop watch. This proce- 
dure was continued with double the time intervals, a fresh supply of Ivory 
Snow being supplied at the beginning of each minute, until a total of five 
minutes had elapsed. At the end of this period the hands and arms were 
rinsed with an additional 500 ¢.c. of water, and the subject dried his hands with 
a sterile towel. Then 1 ¢.c. of the wash water was transferred by a sterile 
pipette to 9 ¢.c. of Beef-heart broth* which was shaken rapidly fifty times, and 
1 cc. transferred to 9 to 10 ¢.c. of melted agart at a temperature of about 45° C. 
The agar was immediately poured into a Petri dish and carefully mixed by 
gentle agitation before hardening occurred. The bacteriologic procedures were 
carried out with a minimum of delay, with equal manipulation in all cases, 
and always in duplicate. After forty-eight hours’ incubation at 37° C., the 
colonies were counted in a Quebee counter. An identical procedure was carried 
out on each batch of washings. When the G-11 soap solution was employed 
during the second serub period, the washings contained a total of about 200 mg. 
of G-11. This afforded a final dilution of 1:500,000 of G-11 in the agar plate, 
but the organisms were temporarily exposed to concentrations of the antiseptic 
varying from 1:50, when the solution was poured into the palm, through 1 :2,500 
and 1:5,000, before and after rinsing, to 1:50,000 and finally 1:500,000 in the 
broth and agar, respectively. The final basin provided an estimation of the 
skin population subsequent to the use of G-11 soap, but without the carrying 
over of significant amounts of the G-11 itself. 

In this first series eleven individuals were employed and a total of thirty- 
eight scrubs were carried out, nineteen with G-11 and nineteen with the neutral 
liquid soap. 

RESULTS 

The maximum, minimum, and average bacterial counts of washings obtained 

at the five-minute intervals are plotted in Fig. 1. It is noted that the average 


*Beef-heart broth: 1 pound of beef heart was placed in 1,000 c.c. of water, in which it was 
allowed to soak overnight, and in the morning was boiled and filtered. To each liter of this 
See was added 10’Gm. neopeptone and 5.0 Gm. Na Cl, after which the pH was adjusted to 
7.3 to 7.4. 

+Beef-heart agar: To 1 liter of the beef-heart broth was added 15 Gm. agar and the 
PH adjusted to 7.3 to 7.4. 
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bacterial counts of washings from the first five-minute period, when Ivory 
Snow was used, were about 10,000 colonies per cubic centimeter. After five 
minutes of further scrubbing with neutral liquid soap, the washings averaged 
about 5000 per cubic centimeter, as contrasted with only 175 per cubic ecenti- 
meter when 2 per cent G-11 was added to the soap. Furthermore, the lowest 
count in the neutral soap wash water was 360 per cubic centimeter (in a sub- 
ject who showed a very low count in the primary washings), while on eleven 
of the eighteen occasions when G-11 was used, the pour plates showed no 
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Fig. 1.—The effect of G-11 in neutral liquid_soap (N.L.S.) on bacterial content of wash 
wont during surgical scrubs. The scales A and B refer, respectively, to the N.L.S. and G-11 
scrubs. 
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growth. That part of this effect was due to the carrying over of G-11 antisep- 
tic with the cultures as evidenced by the fact that the final counts, following 
an additional five-minute scrub with Ivory Snow, were substantially higher 
than those obtained during the antiseptic period. The average of final counts 
was 2,557 per cubie centimeter for the control series and 1,795 per cubic centi- 
meter for the G-11 group, a difference which is searcely significant. Therefore, 
the action of the G-11 in this series of experiments was principally that of a 
powerful bacteriostatic agent—a final concentration of only 1:500,000 in the 
agar plates yielding sterile plates in 60 per cent of the cases. After the G-11 
had been thoroughly removed by scrubbing with neutral soap, it became appar- 
ent that the actual numbers of bacteria on the skin had not been substantially 
reduced through five minutes of contact with the antiseptic. This is consistent 
with the finding by Traub, Newhall, and Fuller* that the full effectiveness of 
G-11 can be obtained only by habitual day-to-day use of G-11 soap. 


SECOND SERIES 

In spite of the lack of evidence of a significant bactericidal action of G-11 
on skin bacteria, it appeared that advantage might be taken of its bacteriostatic 
action in preventing the proliferation of skin bacteria during the wearing of rub- 
ber gloves. Price? has called attention to the fact that the wearing of gloves 
is highly conducive to proliferation of bacteria on the skin of the hands; that 
within even one hour of donning gloves, the population of skin bacteria may 
increase very substantially, and that the consequences of a break in the integ- 
rity of a glove increase geometrically in severity with each hour the glove has 
been worn. Therefore, a second series of experiments was carried out, in which 
operating room conditions were duplicated as closely as possible, consistent with 
observance of proper conditions for bacteriologic study. In view of the findings 
in the first series, it seemed necessary to make certain that no G-11 was present 
in material used for cultures. Therefore, periods of scrubbing with G-11 soap 
were followed by thorough scrubbing with neutral soap before samples for 
culture were taken. 

A total of thirty-two scrubs was completed, sixteen with G-11 and sixteen 
as control with neutral liquid soap. 


METHOD 


The subjects scrubbed under running water for four minutes, divided into 
ten seconds each for the nails, palms, and backs of the hands, and thirty see- 
onds for the forearms, repeated for each arm, and using neutral or G-11 soap 
as required from a sterile basin. At the end of this four minutes each subject 
scrubbed into 500 ¢.c. of sterile water, using 1.0 Gm. Ivory Snow, for thirty 
seconds on each hand and arm. At the end of this period the arms were rinsed 
with a further 500 ¢.ec. sterile water, and the subject returned to the sink to 
repeat the cycle. Samples for pour-plate counts were taken from the serub 
water used during the fifth and tenth minutes. When these two cycles were 
completed, the subjects scrubbed under running water for a further minute 
to replace a little of the test soap solution onto the hands, dried the hands on 
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a sterile towel, and donned surgical gloves with aseptic precautions. This 
last one-minute period was employed in order to demonstrate any persistent 
effect of the G-11 solution, since it was felt that after the basin scrub with the 
Ivory Snow there would be an insufficient quantity of the G-11 left on the 
skin to exert any appreciable continuing bacteriostatic effect. In order to pro- 
vide full encouragement to bacterial growth, 2 ¢.c. of the beef-heart broth were 
then poured into the gloves, and the wrists sealed off with gauze bandages and 


W.t3. 
N.L.S.+ G-II 
GLOVES 
IVORY SNOW 














MAXIMUM G-lII 
MINIMUM G-lIlI 
AVERAGE G-ll 
MAXIMUM N.L.S. 
MINIMUM N.L.S. 
AVERAGE N.L.S. 





it 
W 
p- 
4 
= 
a 
Ww) 
<q 
S 
ous 
= 
— 
q 
it 
Ww 
j— 
| ©) 
<q 
@ 





100 





—— ee) 
T — i 


20 60 80 
MINUTES 


Fig. 2.—The influence of G-11 in neutral liquid soap (N.L.S.) on bacterial flora of skin 
during subsequent wearing of surgical gloves. The scales A and B at the top show the time 
intervals for the N.L.S. and G-11 scrubs, respectively. 
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adhesive tape. After a lapse of one hour, during which the subjects pursued 
their normal activities, the gloves were carefully removed, avoiding contamina- 
tion, and the subjects scrubbed only the hands for one minute in 500 c.e. of 
sterile water with 1.0 Gm. Ivory Snow, allowing thirty seconds, divided equally, 
to the nails, palm, and back of each hand. Finally, the hands were rinsed with 
500 ¢.c. of water and the entire contents of the basin were thoroughly mixed. 
The wash water was diluted and plated immediately, as described for the initial 
series of experiments. It should be noted that the wash water used for bacterial 
counts contained only 1.0 Gm. of Ivory Snow in a liter of water, and that no 
G-11 was permitted to enter the culture and exercise a bacteriostatic effect. 


RESULTS 

This series of studies indicates that a 2 per cent solution of G-11 in neutral 
liquid soap exerts a definite antiseptic action on the skin when used in a surgi- 
eal scrub. Fig. 2 shows that the bacterial counts on subjects who had used G-11 
for two four-minute intervals averaged about one-third of those on subjects 
using plain liquid soap under conditions where the possibility of bacteriostatic 
action of G-11 had been excluded. At the end of the hour of wearing gloves, 
however, the results were even more striking, since the counts on the G-11 sub- 
jects had further decreased to an average of about 50 per cent of that at the 
start of the hour, while the counts from the control subjects had, in the average, 
almost doubled. These data indicate that the number of viable bacteria on the 
gloved hands increases rapidly when neutral soap is used, but that the number 
tends to fall during an hour of wearing gloves after a scrub with G-11 soap. 
Traub, Newhall, and Fuller* stated that G-11 antiseptic soaps, to be effective 
for surgical purposes, must be used every time the surgeon washes his hands. 
It is our impression that this is not necessarily the case, although it is probably 
true that the habitual use of G-11 soap is a good method of maintaining the 
skin flora at a continuously low level. 


There was no evidence of skin irritation from G-11 in any of twenty sub- 
jects who used it repeatedly. 


SUMMARY 


This paper represents an investigation of the effect of a 2 per cent solution 
of 2,2’-dihydroxy-3,5,6-3’,5’,6’ hexachlorodiphenylmethane in a neutral liquid 
soap. It is found that: 

1. When used for.a period of five minutes, the G-11 solution left an 
average of about 70 per cent of the number of bacteria remaining on the hands 
and arms when the soap vehicle alone was used. This was observed in a total 
of nineteen scrubs controlled by nineteen in which only the soap vehicle was used. 

2. G-11 exercises a marked bacteriostatic effect, eyen in high dilution. 

3. When used in a series of sixteen ten-minute scrubs, controlled by sixteen 
ten-minute serubs with plain neutral soap, the G-11 soap left on the skin an 
average of about one-third as many bacteria as occurred when neutral liquid 
soap was employed under identical conditions. When the subjects wore surgical 
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gloves containing nutrient broth for sixty minutes after the scrub, the subjects 
who had used G-11 soap showed a decrease in the number of skin bacteria to 
about 50 per cent of the count at the beginning of the hour, while the control 
subjects showed an increase of about 100 per cent over the population present 
when the gloves were applied. 

4. The addition of 2 per cent of this antiseptic to liquid surgical soap 
results in a substantial enhancement of the efficiency of the soap in reducing 
the possibility of wound contamination following puncture or tearing of a glove, 
but only if the residual G-11 is not washed from the hands before the gloves are 
applied. 

5. No evidence of skin irritation was observed following repeated use of 
soap containing 2 per cent G-11 by twenty subjects. 
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A METHOD OF STATISTICAL ANALYSIS 


Wiuuiam A. Coorrer, M.D., New York, N. Y. 
(From the Department of Surgery of the New York Hospital and Cornell Medical College) 


NYONE who has ever endeavored to report the long-term end results in a 
series of cases must have been impressed at some stage of the study with 
the inherent difficulties of being accurate. He finds that the number of eases 
in his series increases each year, that old cases are lost each year, and that people 
die each year, due either to the disease in question or to other causes. By the 
time he has charted the information on the first twenty-five cases it has probably 
become apparent to him that it is going to be difficult to express the end results 
in the form of one easily comprehensible figure. Unless he is experienced at 
handling the problem, he will probably start all over again, defining the criteria 
regarding length of follow-up, ete., that each case must satisfy, and, after one 
or more false starts and considerable flounderirg, will end up with an analysis 
with which he will be satisfied, and a set of figures which may or may not be 
statistically valid. The extent to which such inaccuracies concern medical 
authors can best be judged by reading the literature, which is full of loose 
statements regarding end results. 

In a study of the end results of gastroenterostomy in the treatment of 
peptic uleer we became impressed with the inherent difficulties in the problem 
of reporting. It became apparent that there was great need for a system of 
recording, summarizing, and presenting clinical material that would give the 
reader a clear, accurate picture of long-term results. 

To illustrate the problems and the need for a system, the end results in 
peptic ulcer treated by posterior gastroenterostomy are reported, using the 
various methods commonly encountered in the medical literature. The defects 
and limitations of each of these methods are commented upon. Finally, a 
method of analyzing and reporting is developed which avoids many, if not all, 
of the faults of the more popular systems, and gives, we believe, an accurate 
graphic picture of the long-term results of posterior gastroenterostomy. 

This method can be used in an analysis of any group of cases, and the 
curves obtained offer a clear method for comparing two groups of cases. The 
advantages of the method are: (1) every case in a series can be utilized ; there 
is no selection of material in a series; (2) it allows for comparisun of two 
series of cases, even though the series differ in size and length of follow-up 
period; (3) it may be graphic, which facilitates comprehension by the reader ; 
(4) it is believed that the method is statistically sound and that it gives a true 
picture of the accumulated experience. 

Clinical Material——The clinical material includes all the posterior gastro- 
enterostomies done for peptic ulcer at the New York Hospital between Oct. 1, 

Study done ‘under a Lewis Cass Ledyard, Jr. Fellowship. 


18 Presented at the meeting of the Society of University Surgeons, Boston, Mass., Feb. 
-15, 1947. 
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TABLE I. LIST OF POSTERIOR GASTROENTEROSTOMIES BY CALENDAR YEAR 
SHOWING OPERATIVE DEATHS AND SURVIVORS 





COLUMN 2 COLUMN 3 





COLUMN 4 | COLUMN 5 


 COLUMNI  |_ 
YEAR OF NUMBEROF | OPERATIVE OPERATIVE | CUMULATIVE OPER- 


OPERATION OPERATIONS } DEATHS SURVIVALS | ATIVE SURVIVALS 


1932 3 0 3 3 
1933 22 2 20 23 
1934 35 58 
1935 21 79 
1936 23 102 
1937 25 127 
1938 23 150 
1939 19 169 
1940 16 185 
1941 11 196 
1942 15 211 
1943 30 241 
1944 13 254 
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1945 BSS | ae 0 ti 10 264 


9 264 
(3.3%) (96.7%) 








Totals 








1932, and Dee. 31, 1945, and is shown in Table I, which lists the number of pos- 
terior gastroenterostomies done in each calendar year (Column 2), the opera- 
tive deaths each calendar year (Column 3), the number of operative survivors 
each calendar year (Column 4), and the cumulative operative survivors at each 
calendar year level (Column 5). Thus, by the end of 1945, we see that 273 
posterior gastroenterostomies had been done for peptic ulcer, with nine opera- 
tive deaths (an operative mortality of 3.3 per cent). The 264 cumulative 
operative survivors form the basic group that could be followed and upon 
whch statements regarding long-term results could be made. Discussion later 
in this paper will illustrate how this group is modified by deaths oceurring 
during the years of follow-up. 

The individual patients surviving operation are studied, and the poor 
results are listed. In so doing, we discovered that there are 48 cases with 
poor results. A poor result, of course, must be clearly defined. In this study, 
any result is considered poor if the patient (1) has to be rehospitalized for 
peptic ulcer in this or any other hospital, or (2) has any evidence, either by 
history or examination, of bleeding from the upper gastrointestinal tract, or 
(3) has either clinical or x-ray evidence of a marginal ulcer. This includes 
all patients requiring reoperation and all patients having many gastric com- 
plaints after gastroenterostomy. It does not include a number of patients 
with pain, gas, belching, or indigestion, all of a mild or transient nature. 
These cases are considered satisfactory results. 

Method 1.—The first method considered is the one most frequently used for 
reporting cases in the medical literature. The cumulative operative survivors 
(264, from Table I, Column 5) are divided into the poor results occurring 
during the fourteen-year period of study (48 cases), and the following state- 
ment is made: In 264 patients operated upon one to fourteen years ago, the 
poor results total 48 cases, or 18.2 per cent; the satisfactory results, 81.8 per cent. 
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Comment.—While this statement is perfectly accurate, it is so loose that it 
may have inaccurate implications. One series of cases so reported might have a 
high proportion of eases with long follow-up, and another might consist largely 
of cases with a short follow-up. Only 2 cases in this series of 264 cases were 
actually followed fourteen years after operation. Using this broad method 
gives the best possible percentage of end results. Certainly the method is not 
sufficiently accurate to compare two ways of treating peptic ulcer, unless the 
two groups were found to be comparable in duration of follow-up, a situation 
that seldom maintains in two series of cases. 

Method 2.—A second method commonly used is to exclude eases that were 
lost or patients who died during the first year after operation, and base the end 
result study on the remaining group of cases. If we do this we find that 251 out 
of 264 cases were followed one or more years. The poor results remain the same 
(48 cases), and we can make the following statement: In 251 cases followed one 
to fourteen years, the satisfactory results are 80.9 per cent, the unsatisfactory 
results 19.1 per cent. 

Comment.—This method is open to the same criticism as Method 1. It will 
be noted, however, that this effort at greater accuracy has increased the poor 
results about 1 per cent. 

Method 3.—Another common method of reporting involves the use of an 
average follow-up period for the group of cases. Thus, if we compute the aver- 
age follow-up period for the 264 operative survivors, it is found to be 6.2 years. 
We might state, therefore: In 264 operative survivors with an average follow-up 
period of 6.2 years, there have been 48 recurrences, or 18.2 per cent. 

Comment.—The implication is that 264 cases have been followed 6.2 years, 
which is not true. Further, it is a poor method for comparing two groups of 
cases even if they have the same average follow-up period, because one group 
might be weighted with cases followed one year and another with cases followed 
fourteen years. For these reasons the method cannot be recommended for com- 
paring two groups of eases. 

Method 4.—In this method the cases of a series are grouped into follow-up 
periods, that is, cases followed three or more years, five or more years, ten or 
more years, ete. If we do this for our group of 264 operative survivors, then 
list the poor results occurring in each group, we can report as follows: Jn the 
group of 264 operative survivors, 204 were followed three or more years, with 
39 poor results, or 19.1 per cent; 155 were followed five or more years with 
34 poor results, or 22 per cent; and 66 were followed ten or more years, with 15 
poor results, or 22.7 per cent. 

Comment.—This statement is perfectly accurate, both in fact and in impli- 
cation, and the method is a very good one. If, for instance, the percentages of 
poor results in the groups followed three, five, and ten years are compared with 
the failure curve at the three-, five-, and ten-year levels (see Fig. 2), it will be 
observed that the figures practically coincide. In carrying out this method, 
however, poor results not followed three, five, and ten years must be discarded 
from their respective groups. If this were not done in this instance, the per- 
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centage of poor results would be disproportinately large for the three-, five-, 
and ten-year groups (22.6, 25.8, and 37.9 per cent, respectively). An investi- 
gator trying to report the whole picture would be disturbed at discarding these 
poor results, but if he included them would distort the end results. 


Method 5.—Possibly the soundest method used for reporting end results is 
to take a uniform sample that is big enough to give significant figures, and to 
report on these cases only, discarding all other cases from consideration. For 
instanee, if we discard from follow-up study all cases followed less than eight 
years, except those patients who have died of ulcer within the eight-year 
period (three cases in this instance), we find that we have 100 cases, and that 
in these 100 cases there are 24 poor results. We could report, therefore: In 
the first 100 cases of gastroenterostomy followed eight years, there were 24, or 
24 per cent, failures, 

Comment.—To obtain a uniform sample of 100 cases, it is necessary to dis- 
eard 151 cases upon which we have some valuable follow-up information. Not 
all series of cases are sufficiently large and well followed to handle in this way 
and still have a significant sample left. This method is also open to the criti- 
cism that it reports a sample of experience, rather than complete experience. 


Method Presented.—Although some of the methods described here may be 
adequate for specific situations, it must be clear that their general use is 
limited, particularly for comparing end results in groups of cases. 


Tabie II. DiIstripuTION OF OPERATIVE SURVIVORS IN FOLLOW-UP YEARS 
CALENDER YEAR COLUMN 2 © COLUMN 2 
CASES IN | CUMULATIVE 


OPERATED | FOLLOWED /132 | +33/'34 | '35/'36 | '37/'38 142 1'43 | *441'45 |'46 cases In | F-U YEAR 
F-U YEAR F-U YEAR 
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The method that is worked out and presented in this paper makes use of 
every case in the series and every year that the case is followed. The cases are 
grouped in follow-up years, irrespective of operative year, and the poor results 
occurring in each follow-up year are determined. This gives us two figures, 
poor results and cases followed, for each year after operation. These are con- 
verted to percentages and recorded as accumulating percentage, giving a 
curve which represents the entire experience for each year of follow-up. A 
detailed description of the method follows: 

The cases in the series are recorded first as in Table I (previously de- 
scribed), giving the cumulative operative survivors by calendar year (Column 
5). These same eases are then arranged by follow-up years, by charting them 
in Table IJ. Each operative survivor is charted under the year last seen, or, 
in ease of death, under the year of death. The number of cases charted under 
each horizontal year in Table II must equal the number of operative survivors 
that year (from Table I, Column 4). By adding the cases diagonally, one gets 
the number of cases followed in each follow-up year. These are charted in 
Table II, Column 1. Since any case followed fourteen years is also followed 
thirteen years, the cases are accumulated, as in Table IJ, Column 2. Table II, 
Column 2, gives the number of cases actually followed each follow-up year 
from zero to fourteen years, irrespective of calendar year of operation. 

The 48 poor results or failures of posterior gastroenterostomy are recorded 
in Table III under the calendar year in which the case in question first became 


TABLE III. DISTRIBUTION OF PooR RESULTS IN FOLLOW-UP YEARS 
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g, Poor result that has subsequently become a good result on conservative treatment. 
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a poor result. The marginal ulcers are recorded under the year in which the 
symptoms of marginal ulcer first appeared rather than under the year of opera- 
tion for marginal ulcer. By adding these cases diagonally we get the number 
of poor results in each follow-up year. These are recorded in Table III, Column 
1. In Table III, Column 2, the fraction showing poor results over cases followed 
is recorded, the denominator being taken from Table II, Column 2. In Table 
III, Column 3, each fraction is converted to per cent, which is the ratio between 
poor results and eases followed each follow-up year. In Table III, Column 4, 
these percentages are added. They are plotted in Fig. 1, which is called the 
failure curve. It will be noted that the poor results of gastroenterostomy meas- 
ured in this way come to 25.2 per cent at the fourteenth year. 
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Fig. 1.—Failure curve. 


Comment on the Method.—From the foregoing analysis it must be clear 
to the reader that the only accurate way of measuring end results is on a year- 
to-year basis, determining for each follow-up year the number of poor results 
in relation to the number of cases actually followed. The various maneuvers 
may appear complicated, but are really quite simple. If the method described is 
carefully followed, the analyst will get the significant figures out easily and 
quickly. 
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Failure Curve for 100 Cases—In an effort to test the accuracy of the failure 
curve, the first 100 cases of gastroenterostomy that had been followed eight years 
were analyzed by the same method. For each follow-up year from one to eight 
we had the same 100 cases. All cases that were not followed eight years were 
discarded. The poor results were determined in this standard sample of 100 
cases and recorded in the year in which the case first became a poor result. 
The failure curve for these 100 cases is recorded in the broken line in Fig. 1. 
It will be noted that the two curves coincide reasonably well. This supports 
the view that the failure curve is an accurate method for expressing end results. 


TABLE IV. MetTHop OF MODIFYING THE FAILURE CURVE 





COLUMN 1 |COLUMN 2 |COLUMN 3 |COLUMN 4 |COLUMN 5 |COLUMN 6 | COLUMN 7 COLUMN 8 
CUMULA- CUMULA- PER CENT PER CENT 
FOLLOW- TIVE TIVE NET ON ON MODIFIED 
UP POOR POOR det « tod s4.g73 POOR FAILURE FAILURE 
YEAR RESULTS RESULTS CASES CASES RESULTS CURVE CURVE 
21 1 20 8.4 
10 2 ‘ 28 12.7 
4 28 14.7 
2 ¢ 33 1&7 
3 3 21.3 
0 , 34 21.3 
1 : 34 22.1 
1 33 22.1 
0 3: 22.1 
0 22.1 
22.1 
25.3 
25.3 
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Method of Changing the Failure Curve.—tin certain clinical groups, par- 
ticularly peptie ulcers, an author may wonder what to do with the case that is a 
poor result in one follow-up year and a good result in later follow-up years. One 
can argue that this case should not be recorded as a poor result, yet it must be so 
considered according to the original definition. If we wish to modify the poor 
results by those that later become good results due to conservative treatment, we 
go through the following maneuver: Every poor result that becomes good is 
designated as ‘‘g’’ on Table III under the year in which it finally becomes 
good. The ‘‘g s’’ are then added obliquely, and the figures recorded in Table 
IV, Column 4: Table IV shows the follow-up year in Column 1, the number 
of poor results in each follow-up year in Column 2 (from Table III, Column 1), 
the cumulative poor results at each year level in Column 3, the poor results 
that become good in Column 4, the cumulative poor results that become good 
in Column 5, the net poor results in Column 6 (Column 3 minus Column 5), 
the percentage of poor results at the level of each follow-up year (from Table 
III, Column 4) in Column 7, and the percentage of net poor results in Column 
8. If these percentages are recorded, they give us the failure curve after con- 
servative treatment which is shown in the broken line in Fig. 2. The solid 
line in Fig. 2 is the failure curve recorded in Fig. 1. 
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The formula for obtaining the percentages in the failure curve after con- 
servative treatment follows. The percentage must be calculated for each 
follow-up year, and the figures are all taken from Table IV: 


Column 3 : Column 6 :: Column 7 : Column 8, or 


Cumulative poor results : net poor results :: failure curve % : modified curve %. 
For the first follow-up year this is 21 : 20 :: 8.4% :x; x equals 8.0%. 

It is necessary to calculate any modifications of the failure curve in this 
manner. If we should attempt to compute the modified failure curve in the 
same way the original failure curve was calculated (as in Table III), we would 
find the modified curve greatly distorted. This is because cases originally 
recorded as poor become good in later follow-up years. Since the denominator 
is smaller for each succeeding follow-up year (Table III, Column 2), we would 
find that if all our cases became good results we would end up below the 0 per 
cent line, unless we follow this formula. 


A FAILURE CURVE 


6 FAILURE CURVE AFTER 
CONSERVATIVE TREATMENT 
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Fig. 2.—Failure curve modified by good results after conservative treatment. 


The failure curve can be modified in any way desirable. If we should like 
to know our net poor results after further surgery, we could chart these cases 
in Table III, tabulate the figures, and compute and plot another modification 
of the failure curve. This is done in Fig. 3, but for the sake of simplicity, the 
figures are omitted. 

Operative Mortality in the Failure Curve——Another useful modification of 
the failure curve concerns operative mortality. In a sense, the first failure 
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of any operative procedure is death due to the operation. If we wish to take 
operative deaths into account in the failure curve, it can be done by charting 
the percentage of operative mortality for the entire series (3.3 per cent) across 
the bottom of the graph, and superimposing the failure curve on this by start- 
ing at 3.3 per cent instead of 0 per cent. This is illustrated in Fig. 3, which 
shows the operative mortality, the failure curve charted on top of it, the 
failure curve modified by those cases which became good results after conser- 
vative treatment, and the failure curve modified by those cases which became 
good results after both conservative and further operative treatment. (The 
figures for this last curve are not included in this paper.) Herein we have a 
graphic method of presenting a considerable mass of complicated yet related 
information, which is much easier for the reader to comprehend quickly than 
the tables on which the graphs are based. The basic tables should always be 


A FAILURE CURVE 

B FAILURE CURVE AFTER 
CONSERVATIVE TREATMENT 
FAILURE CURVE AFTER 


CONSERVATIVE & OPERATIVE 
TREATMENT 














2 3 
Fig. 3.—Failure curve modified by operative mortality and by good results after conservative 
and operative treatment. 

given to enable the reader who may be particularly interested to check back 
on the size of the series presented and the number of cases that have been 
followed each year. 

Completeness of Follow-up and Its Significance.—In any discussion among 
doctors concerning end results, someone invariably asks what to do with the 


lost eases. There is only one answer to this question. Lost cases cannot be con- 
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sidered in follow-up studies. Philosophers may say that a high proportion of 
the lost cases are good results, or are bad results, but, in the end, whatever any- 
one says regarding unfollowed cases remains philosophy. Many factors influ- 
ence the ratio of good to poor results in the lost cases. Not the least of these 
is whether the patient has gone to the institution of his own choosing, and 
whether the institution enjoys a fine reputation with the public. There is 
some support for the view that the ratio of good to poor results is the same 
in the lost as in the followed group in the New York Hospital, yet this view 
must remain in the realm of opinion rather than fact. 

Consideration of the follow-up is important in any study of end results 
because it tells the reader the extent to which the followed cases might be 
selected cases, or how much of the total picture the author has been able to 
observe and to report. [or instance, at the first follow-up year level our 
experience is 97 per cent complete (251 out of 259 cases), and by the sixth 
follow-up year it has become 85 per cent complete (141 out of 166 cases). 
In another series of cases we might find that our experience was but 50 per 
cent complete by the sixth year. We could not know with certainty, there- 
fore, that the end results in the two groups were truly comparable. <A differ- 
ence in the end results might be either wiped out or exaggerated if the follow- 
up were more complete. It is a corollary that in comparing end results in two 
groups of cases, the completeness of follow-up should be reasonably similar. 


If it is not, the two groups may not be comparable, and differences may be 
artificial rather than real. 


As we have observed earlier in this study, average follow-up time is of 
limited significance. The most accurate way of expressing the completeness 
of follow-up of a series is to determine the ratio of lost to followed cases at 
the level of each follow-up year. This is done as follows: 

The cumulative operative survivors (from Table I, Column 5) is the basic 
group that could be followed, but must be corrected for deaths that oecur 
from time to time during the follow-up period, due either to ulcer or to other 
diseases. To correct for deaths, the patients in the series who die are charted 
under the calendar year of death, and subtracted from each subsequent eal- 
endar year that they could be exposed to follow-up. This is done in Table V, 
in which Column I shows the cumulative operative survivors (from Table I, 
Column 5), Column 2 the deaths to be subtracted from them, and Column 3 
the cumulative net survivors. Cumulative net survivors is the number of cases 
that could have been followed at the level of each follow-up year if no cases 
were lost. The ratio between cases actually followed each year (from Table 
II, Column 2) and cumulative net survivors is charted on Fig. 4, which is 
called the follow-up curve. The percentage above the line is not followed 
(lost) and that below the line is followed. Thus we see that the efficiency 
of the follow-up decreases from 100 per cent (operative survivors) down to 
42 per cent in the thirteenth year (8 out of 19 cases), but in the fourteenth 
year it goes up to 100 per cent. The two patients operated upon fourteen 
years ago, who lived fourteen years, have been followed all the way through. 
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Other Methods Presented in the Literature.—In 1943 Hollander and Mage* 
presented a statistical method for evaluating the results of treatment for peptic 
uleer. Their paper is a contribution to the problem, yet we cannot endorse 
their method as being statistically sound and accurate. After some prelimi- 
nary logie they stated: ‘‘We believe that the incidence of failure among this 
group of patients (the lost or not followed group) is no greater than among 
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Fig. 4.—Follow-up curve. 


those who return to follow-up year after year (the observed group), and it 
may even be less.’’ They then proceed to develop a statistical method of 
analysis based upon maximum and minimum percentages of failures for each 
follow-up year. If the quoted premise is true, there is no need for a maximum 
and minimum, for the results in the lost cases would coincide with those in 
the followed cases. But if it is not true, the maximum and minimum curves 
should certainly not be as they describe them. Logically, the maximum curve 


*Hollander, F., and Mage, S.: Surg., Gynec. & Obst. 76: 533-546, 1943. 
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should consider all of the lost cases as poor results, and the minimum, all lost 
cases as good results. If this logic is pursued in the clinical material presented 
herein, the failure curve is absurdly high and loses all significance. Further, 
these authors fail to correct their operative survivors for deaths that occur 
during the follow-up period. We can subscribe to their general idea of a 
cumulative failure curve, and to the concept of an index of failure obtained 
from this curve. The index of failure, however, varies in the follow-up years. 
For instance, we can state that our index of failure for posterior gastroenter- 
ostomy is 21.2 per cent at the fifth follow-up year and 22.0 per cent at the 
tenth follow-up year. 

Application of Standard Error, and Significant Difference-—The primary 
thesis of this paper is the presentation of a method for recording information. 
A method has been developed which gives as true a picture as we know of 
our experience. One may inquire of the figures presented regarding their 
standard error. Or, if by this method we were to compare two groups of eases, 
one might ask if the difference in the two failure curves is a significant differ- 
ence. Standard error and significant difference are both vital tools of the 
statistical method which should be applied to these figures if one is to eval- 
uate, not the method, but the figures themselves. 


SUMMARY 


1. A method of analyzing and reporting clinical material has been de- 
scribed, which, it is believed, is accurate and statistically sound.* It is be- 
lieved that the method can be applied to other groups of clinical cases. 

2. By this method it is possible to report every case in the series without 
selection of material within the series. 

3. The method is graphic, which facilitates comprehension by the reader. 

4. The method is easily adaptable to testing by standard statistical methods. 

5. The method is compared with other methods that are commonly em- 
ployed, and the defects and limitations of each are commented upon. 


For many hours of patient help and criticism the author is greatly indebted to Dr. John 
W. Fertig, of the Columbia University School of Public Health. His facile biostatistical knowl- 
edge guided me through many common statistical pitfalls. If the method herein described is 
sound and widely applicable, it is his expert advice that has made it so; if it is not, he is to 
be exonerated. 


*The author is aware of two statistical errors in the method described in the text. These 
are: (1) Poor results in patients who lived and were followed into subsequent follow-up 
years, according to statistical procedure, should be subtracted from the cases exposed to failure 
in subsequent follow-up years. This point is illustrated as follows: If, in 100 births, 10 die 
the first year, the death rate the first year is 10/100; if 5 die the second year, the death rate 
the second year is not 5/100, but 5/90. (2) Percentages cannot be added directly on a graph, 
but should be added according to the formula: 1—(the product of 100—% failure for each 
follow-up year). 

The first error makes the rate of failure for each year too low, because the denomina- 
tors in Table III, Column 2 are too high. The second error makes the cumulative rates of 
failure plotted on the failure curve too high. The author was greatly surprised to find that 
these errors exactly cancel each other out in this series of cases. It seems unlikely that this 
is coincidence, but the author is not mathematically equipped to prove that it is not coincidence. 
It is certain that in this series the omission of two statistical maneuvers gives the same result 
on the failure curve as we get if they are faithfully included. It will be interesting to know 
if this same experience is duplicated in other series of cases. If it is, and some wizard with 
figures can prove that it should be, the method herein described is certainly more simple and 
foolproof than the actuarial method used by most statisticians. 





PERIPHERAL EXTENSION OF RADIOPAQUE MEDIA 
FROM THE SUBARACHNOID SPACE 


J. Dovetas Frencu, M.D., anp Wituiam H. Strain, Pu.D., Rocuester, N. Y. 


(From the Departments of Surgery [Neurosurgery] and Radiology, The University of 
Rochester, School of Medicine and Dentistry) 


iow RPRETATION of pantopaque myelograms rarely presents difficulties 
when the examination is properly conducted. Occasionally, an atypical 
pattern may be obtained as a result of faulty technique or of anatomic ab- 
normality. Peripheral extension of the medium along the spinal nerves is 
unusual but occurs often enough to justify special consideration. Such pe- 
ripheral extension has been noted by others’* using pantopaque or other 
myelographic media, and has been observed in 4 of the first 200 pantopaque 
myelograms done at Strong Memorial Hospital. 

In this paper these four atypical myelograms are discussed in relation to 
a variety of observations on experimental contrast neurography which have 
been reported elsewhere.*® It seems evident that both clinically. and experi- 
mentally a medium escapes along the peripheral nerves only under distinctly 
abnormal circumstances. Accordingly, the collective results have little bear- 
ing on whether there is a direct communication between the subarachnoid 


space and the perineural spaces of peripheral nerves. They do, however, show 
that a eonnection can be established and this may be significant in relation to 
local anatomic anomalies, pathologic processes, and injection irregularities. 


CLINICAL CASES 


Extension of the pantopaque outside the normal confines of the subarachnoid 
space was encountered in all four cases in the course of routine myelography. 


CASE 1 (S.M.H. No. 232664).—Immediately after the medium was injected it was seen 
fluoroseopically to flow out of the lumbar cistern and to globulate on the left side (Fig. 1, 4). 
These globules disappeared when the patient was tilted head down, suggesting that diver- 
ticula were being emptied. When laminectomy was performed for removal of a protruded 
dise at the fourth lumbar vertebra, the reason for the unusual myelogram was clearly 
demonstrated. The first and second roots were seen to be encased in large diverticular 
extensions of meninges that contained fluid which could be emptied on compression (Fig. 1, B). 


Case 2 (S.M.H. No. 219584).—Since routine radiographs showed pronounced changes 
from the second to fourth lumbar vertebrae, consistent with a diagnosis of Charcot spine, 
lumbar puncture for the injection of pantopaque was made at the fifth lumbar interspace. 
After injection the medium did not flow as the patient was postured. From the radiograph 
(Fig. 2) taken after 3 c.c. of pantopaque had been injected it was evident that the tip of 
the lumbar puncture needle was off to one side of the spinal canal, and that the medium 
had extended bilaterally for short distances along several nerve roots. The pantopaque 
could not be aspirated at the time of the initial injection but was removed without diffi- 

This work was aided by grants from the Department of Surgery, School of Medicine 
and Dentistry, The University of Rochester, and from the Research Laboratories of the East- 
man Kodak Co., Rochester, N. Y. 


Read (by title) at the meeting of the Society of University Surgeons, Boston, Mass., 
Feb. 13-15, 1947. 
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A. 


Fig. 1.—A, Myelogram showing the filling of diverticula in Case 1. B, Operative exposure 
showing the anatomic defect visualized in the myelogram. 


Fig. 2.—Myelogram showing the extension of pantopaque for short distances aloag the 
nerve roots in Case 2. Complete subarachnoid obstruction is shown at the upper margin of 
the opaque column. The lumbar puncture needle is placed excentrically and appears to be 


lodged in the first sacral nerve root. 





382 SURGERY 


culty twelve days later by means of a second lumbar puncture. Determination of the 
spinal fluid protein in the first sample gave a value of 90 mg. per cent, 


Case 3 (S.M.H. No. 173025).—Lumbar puncture was performed at the third inter- 
space, 7 c.c. of spinal fluid were withdrawn, and 5 ¢.c. of pantopaque injected. On fluoros- 
copy most of the medium was seen to be distributed along the nerve roots as shown in 
Fig. 3, A, but a small amount still flowed freely on manipulation of the patient. No at- 


A, B, 


C. D. 


Fig. 3.—Radiographs made at various intervals after the injection of pantopaque in Case 
3. A, At the time of injection; B, three days later; C, five weeks later; and D, five months 
later. Only a small amount of the medium is present in the lumbar cistern, the remainder 
having extended into the peripheral nerves. The relative position of the medium in the nerves 
has not »lItered in five months although the amount has diminished considerably. (From Stein- 
hausen, T. B., and others: Radiology 43: 230-235, 1944.) 
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tempt was made to aspirate any of the medium. Check radiographs taken at various 
intervals (Fig. 3, B, C, and D) over a period of five months showed that the medium ap- 
parently was fixed in position, that the relative distribution remained the same, and that 
the amount decreased significantly. 


Case 4 (8.M.H. No. 33594).—Only a few drops of spinal fluid were obtained at myelog- 
raphy but the medium was injected nevertheless. The distribution that obtained immedi- 
ately after the injection is shown in Fig. 4, 4. Under fluoroscopic visualization the me- 
dium was seen to flow easily in a cephalad direction but when the lumbosacral region was 


& 
tf 


A. 


Fig. 4.—Radiographs taken (A) at the time of the injection of pantopaque, and (B) 
two days later in Case 4. The lumbar puncture needle is located in the first sacral nerve 
root on the right. Some of the medium has entered the subarachnoid space but the remainder 
has spread into the lumbosacral plexus on the side of injection only. 


examined, the medium was seen to have escaped along the fifth lumbar and first sacral 
roots on the right side. These areas appeared fairly broad and irregular in outline. None 
of the medium could be aspirated at the end of the examination. Radiographs taken two 
days later visualized the distribution shown in Fig. 4, B. Fourteen months later all the 
medium along the nerve tracts had disappeared, and only a small amount—estimated at 
0.2 e.c.—was present at the termination of the lumbar sac. 


EXPERIMENTAL STUDIES 


Experiments were carried out in rats, rabbits, and dogs to study the be- 
havior of radiopaque media in peripheral nerves and in the subarachnoid space. 
The extension of fluid iodinated compounds of varying viscosities was studied 
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both visually and radiographically after injection under measured pressures 
into the perineural spaces of peripheral nerves and into the subarachnoid 
space. Many of the experiments were acute, and in these it was frequently 
desirable to tint the media by the addition of small amounts of printer’s ink. 
In the acute experiments iodobenzene was usually used, and in the chronic 
studies pantopaque was employed. 


yn? 


_ Fig. 5.—Experimental neurogram in a dog showing extension of iodobenzene in a single 
fasciculus to a point of extravasation at the lumbosacral plexus. Following this break- 
through, the medium extends both to the subarachnoid space and centrifugally along another 
portion of the nerve. 


Extension ef Media Injected Into Peripheral Nerves.—After cannulation of 
a single fasciculus in the common peroneal nerve at the popliteal space, an 
injected medium flowed easily both proximally and distally, and remained con- 
fined to the perineural spaces (see Fig. 6). The extension was visualized 
radiographically as a single line or a series of parallel fine lines extending 
from the point of injection to the subarachnoid space proximally and into the 
midfoot distally. Some pressure was required for the injection and this varied 
with both the species and the area of the nerve being traversed by the medium. 
In the nerves of rats and rabbits, pressures of the order of 50 to 80 mm. of Hg 
were required to cause extension, whereas in dogs pressures ranging from 96 
to 138 mm. of Hg were necessary. Penetration of the medium into the sub- 
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arachnoid space occurred only under considerably greater pressure, and in 
dogs took place when pressures of 165 to 200 mm. of Hg were applied. Ex- 
travasation of a medium occurred after inaccurate injection, on the develop- 
ment of excessive pressure, and, occasionally, when the medium reached a 
region of plexus formation in the nerve. An example of the extravasation 
at a plexus is shown in a radiograph (Fig. 5) obtained after iodobenzene had 
been injected in a single fasciculus of a dog nerve. As is shown in the illus- 
tration the medium traveled proximally to the nerve plexus where extravasa- 
tion occurred. From this site the medium extended in two directions under 
the same injection pressure. A portion continued on into the subarachnoid 
space and a second column of medium returned in a centrifugal direction in 
another area of the nerve. 





Fig. 6.—Sections from a rabbit nerve following injection of iodobenzene tinted with 
rinter’s ink: A, just above site of injection in the peroneal nerve at the knee, and B, at 
evel of dorsal root ganglion. The medium is centrally located in the peripheral portion of 
the nerve but comes to lie in perineural clefts at the level of the ganglion. 


There was never evidence of rapid spontaneous flow of the media in the 
perineural spaces but in chronic experiments where pantopaque was used a 
very slow centripetal motion of the medium was evident some weeks after 
the injection. In passing it may be noted that iodobenzene was very irritating 
to nerves and produced severe damage, whereas pantopaque appeared to be 
very satisfactory for chronic experiments. 


Microscopic sections at various levels of the nerves and roots showed that 
at the site of injection the carbon-tinted media occupied the central portion 
of the endoneurium. Followed centripetally, the injected mass occupied a 
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more peripheral location in the fasciculus until, at the lumbar plexus, it ap- 
peared in clefts on the inner surface of the perineurium or the perineurial 


septa still confined to a small portion of the total sheath extent. From these 
clefts the medium escaped into the subdural space, and, apparently by break- 
through, into the subarachnoid space. Subarachnoid entrance always occurred 
through the perineurium and never in the periaxonal tissues. Sections of rab- 
bit nerves illustrating certain phases of the passage of a medium are shown in 


Fig. 6, A and B. 


_ Fig. 7.—Filling of peripheral nerves of a dog from the subarachnoid space by the appli- 
cation of relatively high pressure. The lumbar cistern has been dissected away to show 
more clearly that the iodobenzene is present in several nerves and the filum terminale. 


Behavior of Media Injected Into the Subarachnoid Space.—In the course 
of the development of pantopaque, intrathecal injections were made in ninety- 
four dogs, and many of the animals were kept under observation for one year 
or more. Of this group, serial radiographs were made on twenty-three dogs 
at varying intervals, but in no instance was there evidence of the medium 
extending out of the normal confines of the spinal subarachnoid space along 
the peripheral nerves. On the other hand there was a smaller group of dogs 
in which iodobenzene was introduced into the subarachnoid space, and in this 
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group the result was somewhat different. The introduction of iodobenzene 
was always fatal, but in most of these dead animals the medium extended down 
the lumbar peripheral nerves for distances of 2 to 4 em. after an interval of 
one or two hours. 


Fig. 8.—Radiographs of the head of a dog taken five hours after intracranial injection 
by cisternal puncture of ethyl iodophenylvalerate, a substance similar physically to iodoben- 
zene. The medium has extended through the cribriform plate into the nasal and cervical 
lymphatics. In the dorsoventral view the valve structures of the lymphatics are visualized. 


In another series of experiments media were instilled into the intracranial 
subarachnoid space under physiologic pressures. Rapid extension along the 
optic nerve and through the eribriform plate was observed. In the latter ease 
the media flowed into the nasopharyngeal lymphaties, cervical lymph nodes, 















388 SURGERY 






and periesophageal lymphatics, and were recovered from the nasal secretions. 
The final stage of one such experiment, in which ethyl iodophenylvalerate’ 
was used, is shown in Fig. 7. Most of the media used for this purpose were 
too irritating for chronic studies, but pantopaque did not appear to have 
deleterious effects. 


Experiments were devised, also, to illustrate the behavior of media under 
inereased pressure in the lumbar subarachnoid space. The lumbar cisterns 
of dogs were cannulated and media run in under increasing pressures. No ex- 
tension was observed until the lumbar cistern was ligated 5 em. proximal to 
the cannula and the pressure elevated to over 200 mm. of Hg. Extravasation 
of media took place long before this pressure was reached, and in only one 
instance was extension beyond the dorsal root ganglion observed in a living 
dog (Fig. 8). 

DISCUSSION 


The experimental observations reported here shed some light on the be- 
havior of radiopaque oils in the subarachnoid space. Under normal pressures 
a distinet difference was apparent between the behavior of media in the in- 
tracranial and in the intraspinal spaces. From the intracranial space, the 
materials exited readily and under physiologic pressure through the eribri- 
form plate into the nasal secretions and cervical lymphatic system. From the 
lumbar cistern, extension of the radiopaque materials was never observed 
under physiologie conditions but did occur into the perineural spaces when 
excessive pressures were applied or the animal was killed. 

The peripheral injection experiments serve to clarify somewhat the struc- 
ture and communications of the perineural spaces. They appear to be connec- 
tive tissue planes organized from the dural-perineural sheath. These form 
discrete channels in such a fashion as to subdivide the progressively branching 
nerve into longitudinal compartments supporting axis cylinder extensions. Evi- 
dence favoring a physiologic current of fluid in these spaces was not obtained 
as media extended only under direct injection pressure, or, very slowly, in an 
active animal. In the latter case, flow occurred centripetally or in the oppo- 
site direction to that which would be expected if cerebrospinal fluid normally 
entered perineural channels from the subarachnoid. system. Further, such 
anatomic communication was not observed in serial sections of the dural pene- 
trations of many roots. Finally, media injected peripherally always entered 
the subarachnoid space from dural-perineural clefts apparently by break- 
through across the arachnoidea. 

Clinieally, evidence is lacking for physical communication normally be- 
tween the spinal subarachnoid space and peripheral nerves. The four abnor- 
mal myelograms show that extension of media can occur, and this suggests 
that communication does develop under unusual circumstances. 

Case 1 presented a definite anatomic abnormality. It was notable here 
that, although the medium extended well beyond the normal confines of the 
subarachnoid space, it did not continue out the nerve in the perineural spaces. 
Since some variation in size of axillary pouches is normally seen in myelog- 
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raphy, it is conceivable that unusual prolongations may account occasionally 
for short extensions of injected media, but never for actual communication 
with the perineural spaces. 

In Case 2 there was a complete subarachnoid block only a little above the 
point of injection and the termination of the lumbar cistern. Abnormal fac- 
tors to account for the uniform extension of the medium into the nerve roots 
include (1) anatomie changes which may have developed as a result of a 
chronically obstructed subarachnoid space, (2) pressure alterations produced 
by the injection of additional fluid into a small closed space, and (3) injection 
directly into a nerve root rather than into the subarachnoid space. The first 
and second of these possibilities seem to offer the most plausible explanations. 

In Case 3 there was no unequivoeal evidence that most of the pantopaque 
was ever in the subarachnoid space. The original myelogram showed the 
opaque oil in essentially the same areas as the final one taken five months 
later. The most probable explanation in this ease is, therefore, that the medium 
was injected to a large extent outside the subarachnoid space, possibly sub- 
durally. 

The radiographic evidence in Case 4 indicated that the injection was made 
well outside the main body of the subarachnoid space, presumably into the 
pernineural spaces of a nerve root. As a result the pantopaque extended into 
the subarachnoid and subdural spaces, and peripherally to the lumbosacral 
plexus. From the latter area it extravasated into other perineural spaces to 


fill portions of all the nerve trunks uniting at the plexus. Support for this 
concept can be derived from the fact that the nerves filled only on the side 
of the injection. This behavior is analogous to the results obtained experi- 
mentally in numerous injections of peripheral nerves, which is well illustrated 


by Fig. 5. 

These: clinical experiences are similar to other published cases’* about 
which there has been speculation concerning the mode of absorption o1 escape 
of media from the lumbar cistern. It has been suggested by Maltby and 
Pendergrass® that ‘‘. . . rapid escape along the nerve roots seems to indicate 
passage through pre-existing channels... .’’ Others* ® have considered from 
experimental and pathologie evidence that such mechanisms funetion promi- 
nently in the absorption of cerebrospinal fluid. The evidence collected from 
the clinical eases and laboratory experiments reported here does not support 
a free communication between the subarachnoid space and the perineural 
spaces of peripheral nerves under normal conditions. The results indicate 
rather that injected radiopaque oils escape from the lumbar subarachnoid space 
only under distinctly abnormal circumstances such as local anatomic abnor- 
mality or injection irregularity. 

SUMMARY 

In a series of 200 consecutive myelograms, four cases were encountered 

in which the injected pantopaque extended outside the normal confines of the 


subarachnoid space apparently along the nerve roots. These phenomena have 
been correlated with results obtained experimentally in the study of the ex- 
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tension of contrast media in the perineural spaces of peripheral nerves both 
by direct injection and from the subarachnoid space. 

It was coneluded from these observations that, clinically, pantopaque ex- 
tends out of the subarachnoid space only under distinctly abnormal circum- 
stances such as local anatomic abnormality or injection irregularity. The 
experimental evidence indicated that the perineural spaces are merely connec- 
tive tissue planes in peripheral nerves which communicate only indirectly with 
the subarachnoid space. There was no indication from these observations that 
such spaces function in the normal circulation of cerebrospinal fluid. 
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THE EFFECT OF DIBENAMINE ON AUTONOMIC STIMULATION 


F. A. Stmmeoneg, M.D., ann S. J. Sarnorr, M.D., Boston, Mass. 


(From The Surgical Research Laboratories of Harvard University at the Massachusetts 
General Hospital) 


IR HENRY DALE,’ in 1905, reported that ergot extracts possessed the 

property of reversing the positive action of adrenalin. That same year 
Sollman and Brown? made a similar observation independently, and, in 1906, 
Dale® published his classical paper ‘‘On Some Physiological Actions of Ergot.’’ 
In it, he demonstrated the reversal of the pressor action of adrenalin on the 
blood pressure after the injection of active extracts of ergot. Since those early 
investigations, physiologists have used ergot extracts (ergotoxine) and similar 
compounds as tools for the study of autonomic neuroeffector systems and clini- 
cians have tried to use the drugs therapeutically in hypertension and vaso- 
spastic conditions. 

A number of drugs have been developed which have properties similar to 
those of ergotoxine. The best known are yohimbine, ethyl-yohimbine, and the 
dioxane group synthesized by Fourneau, the most extensively studied of which 
is piperidinomethylbenzodioxane (933F). Like ergotoxine, they do inhibit or 
depress the positive action of adrenalin but the dosages required are such that 
the side effects caused by them preclude their use in the clinic. 

Most recently, Nickerson and Goodman‘ reported a ‘‘new drug,’’ diben- 
amine (Fig. 1) which has properties similar to those of the drugs just mentioned 
and which was thought to have possible clinical applications. It is well recog- 
nized that yohimbine and 933F are more effective in blocking the positive actions 
of adrenalin than they are in blocking the effects of sympathetic nerve stimula- 
tion. Because dibenamine might act similarly and because it is important to 
know whether or not the drug blocks the effects of sympathetic nerve excitation 
as well as the effects of adrenalin, studies were undertaken to learn more about 
the physiologic properties of dibenamine. 


METHOD 


Experiments were performed upon sixteen cats of both sexes. Dialure- 
thane* was used for anesthesia (0.75 to 0.80 ¢.c. per kilogram intraperitoneally). 
Records of the contraction of the smooth muscle of the nictitating membrane 
were made by attaching the right nictitating membrane to a recording lever 
writing with tenfold magnification on a slowly moving smoked drum. Blood 
pressures were recorded from the left carotid artery. The nictitating mem- 
branes were disconnected from the central nervous system by severing the 
cervical sympathetic trunk. Both vagi were divided in the neck. In experi- 
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ments concerning the effects of sympathin liberated from the heart, this organ 
was denervated by dividing both vagi in the neck and by severing the com- 
municating rami between the stellate ganglion and the first four thoracic nerves 
bilaterally. The adrenal glands were excluded from the circulation. Shielded 
silver electrodes were used to stimulate the cervical sympathetic trunk in the 
neck and the cardiae nerve in the thorax. When the thorax was opened, pro- 
perly adjusted artificial respiration was used through a tracheal cannula which 
was inserted routinely. The stimulator used was an electronic one which per- 
mitted varying the duration, intensity, and frequency of the shocks.** 

Intravenous injections were made into the long saphenous vein exposed in 
the right thigh or bilaterally when needed. The dibenamine was injected in 
volumes of 10 ¢.c. containing the dose to be used in physiologic saline solution. 
The stock solution contained 50 mg. per cubic centimeter in acidified 50 per 
cent ethyl aleohol. Adrenalin was prepared in dilutions of 1:20000 or 1:25000 
in physiologic saline solution. 

In the sympathin experiments, for which the nictitating membrane was 
used as a test organ, the membrane was previously sensitized by postganglionic 
denervation done twelve to seventeen days before the experiment. 


(N,N- Dibenzyl- 8 -Chioroethy! amine) 


<R 
Sp 


Fig. 1.—Structural formula for dibenamine. 


RESULTS 

1. The Direct Effect of Dibenamine Upon the Blood Pressure and Upon the 
Nictitating Membrane—Fig. 2 represents the effect. of dibenamine injected 
intravenously upon the blood pressure and upon the smooth muscle in the 
nictitating membrane of the eat. There was an initial rise of the blood pressure 
during the period of injection but after the injection, within a period of five 
minutes, the blood pressure had dropped to a level 20 mm. of mereury below 
the original pressure. In some instances, the fall in blood pressure was 40 to 
60 mm. of mercury. 

Fig. 2 demonstrates also that the smooth muscle within the nictitating 
membrane is not affected directly by the drug. If anything, there is a very 
slight relaxation of the muscle. 

2. The Effect of Dibenamine Upon the Sustained Contraction of the Nictt- 
tating Membrane and the Hypertension Induced by the Constant Intravenous 
Injection of Adrenalin.—Fig. 3 illustrates the effect of the injection of diben- 
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amine upon the rise in blood pressure and the contraction of the nictitating 
membrane caused by the intravenous injection of 1:20000 adrenalin at a con- 
stant rate of 12 drops per minute. There is no immediate effect upon the 
contracted nictitating membrane, while the blood pressure drops quite promptly 


Fig. 2.—Direct effect of dibenamine upon blood pressure (upper tracing) and nictitating 
membrane (lower tracing). Cervical sympathetics and vagi severed in the neck, Time signal: 
5 seconds. Double intervals are 60 seconds apart. Dibenamine (30 mg. per kilogram injected 
during interval of approximately 80 seconds, lowermost record). 


Fig. 3.—Effect of dibenamine upon the increased blood pressure and contraction of 
nictitating membrane induced by constant injection of adrenalin (1:20,000) at rate of 12 drops 
per minute. A, Adrenalin injection started at drop in signal (lowest record); B, dibenamine 
(20 mg. per kilogram) injected during 120 seconds as indicated in signal; C, constant injection 
of adrenalin stopped at rise in signal (interval between end of B and beginning of C, 5’ minutes); 
D, record taken at interval of 5 minutes from C. Blood pressure at beginning of this record, 
140 mm. mercury; at maximum rise, 195 mm.; at end of this record, 105 mm. 
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to its initial level and shortly afterward to a level well below the initial blood 
pressure. Meanwhile, there is a slight drop in the contraction of the nictitating 
membrane but it does not return to the resting level until five minutes after 
cessation of the injection. If the adrenalin infusion is continued long enough, 
the membrane does fall to its resting level but it may take ten to fifteen minutes 
to do so. 

3. The Effect of Dibenamine Upon the Sustained Contraction of the Nictt- 
tating Membrane Induced by Excitation of the Cervical Sympathetic Trunk.— 
Fig. 4 illustrates the action of dibenamine upon the nictitating membrane con- 
tracted by stimulation of the cervical sympathetic trunk with maximal shocks 
at the rate of 20 per second. There is a slight but prompt fall in the degree 
of contraction during the injection but the fall does not continue at this rapid 
rate. Instead, the membrane relaxes very slowly—much more slowly than in 
the case of the contraction due to adrenalin. 





Fig. 4.—Effect of dibenamine upon contraction of nictitating membrane induced by elec- 
tric stimulation of cervical sympathetic by maximal shocks of one sigma duration and at fre- 
— Cuhualtie we (10 mg. per kilogram) injected during an interval of 100 

4. Comparison of the Action of Dibenamine on the Effects of Stimulation 
of the Nictitating Membrane by Excitation of the Cervical Sympathetic and by 
the Injection of Standard Doses of Adrenalin.—Figs. 5, 6, and 7 illustrate the 
blocking action of dibenamine on the effect of sympathetic nerve stimulation 
and on the effect of adrenalin. The nearly complete blocking of the action of 
adrenalin is seen by comparing sections A and D of Fig. 5. The contraction 
in response to nerve stimulation is affected much less by dibenamine than is 
the contraction caused by adrenalin (see sections B and C of Fig. 5). Fig. 6 
shows an absolute block of the action of adrenalin (see sections B and D, Fig. 6) 
while the contraction due to stimulation of the cervical sympathetic is affected 
very much less (sections A, C, and £, Fig. 6). This relationship holds even 
though the adrenalin response before dibenamine is administered is greater 
than the response to nerve stimulation. Fig. 7 shows the action of dibenamine 
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in blocking the responses of the nictitating membrane and of the blood pressure 
to adrenalin and in blocking the response of the nictitating membrane to stim- 
ulation of the cervical sympathetic. The drop in the blood pressure after the 
administration of dibenamine is noteworthy. The figure illustrates again that 
the responses to adrenalin are blocked more quickly and more effectively than 
the responses to nerve stimulation. It may be noted further, that the effect of 
adrenalin upon the blood pressure is blocked sooner than the effect upon the 


membrane. 


Fig. 5—Effect of dibenamine upon contractions of nictitating membrane in response to 
adrenalin and in response to electric stimulation of cervical sympathetic trunk. A, Response of 
unsensitized nictitating membrane to 1 c.c. of 1:25000 adrenalin injected intravenously. B, Re- 
sponse of same membrane to electric stimulation (20 maximal shocks per second for 5 seconds). 
Dibenamine (10 mg. per kilogram) injected between B and C. C, Response of nictitating mem- 
brane to same stimulus as in B, 22 minutes after injection of dibenamine. D, Response of 
nictitating membrane to same dose of adrenaline as in A, 31 minutes after injection of dibena- 


mine. 


Fig. 6.—Effect of dibenamine upon contractions of nictitating membrane in response to 
adrenalin and to electric stimulation of cervical sympathetic. A, Response of unsensitized 
nictitating membrane to electric stimulation (five maximal shocks per second for 5. seconds). 
B, Response of same membrane to 1 c.c. of 1:25,000 adrenalin injected intravenously. Dibena- 
mine, 40 mg. per kilogram, injected in interval between B and C. OC, Response of nictitating 
membrane to same stimulus as in A, 5 minutes after injection of dibenamine. D, Failure of 
nictitating membrane to respond to 2.5 times the dose of adrenalin used in B, 8 minutes after 
injection of dibenamine. EH, Response of nictitating membrane to same electric stimulus as in 
A and C, 12 minutes after injection of dibenamine. 
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Fig. 7.—Responses of blood pressure (top record) and of nictitating membrane (next to 
top record) to adrenalin and sympathetic nerve stimulation before and after dibenamine. A, Re- 
sponse of blood pressure and nictitating membrane to 1 c.c. of 1:25000 adrenalin. B, Response 
of nictitating membrane to electric stimulation (twenty maximal shocks per second for 5 
seconds). Dibenamine (30 mg. per kilogram) injected between B and C. OC, Response of 
nictitating membrane to same stimulus as in B, 5 minutes after injection of dibenamine. D, Re- 
sponse of nictitating membrane to same stimulus as in C, 16 minutes after injection of dibena- 
mine. EF, Response of blood pressure and nictitating membrane to same dose of adrenalin as 
in A, 26 minutes after dibenamine. <A second injection of dibenamine (20 mg. more per kilo- 
gram) injected between H and F. fF, Response of nictitating membrane to same stimulus as in 
B, 2 minutes after injection of additional dibenamine. G, Response of nictitating membrane and 
blood pressure to same dose of adrenalin as in A, 4 minutes after injection of additional dibena- 
mine, 
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Fig. 8.—Time factor in action of dibenamine in a typical experiment., Broken line 
represents responses of nictitating membrane to electric stimulation (twenty maximal shocks 
per second for 5 seconds); solid line represents responses of nictitating membrane to adrenalin 
injected intravenously. For dosages of adrenalin, see text. 
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Fig. 8 demonstrates graphically the differences indicated in the records. 
The effect of adrenalin is promptly and completely blocked. The contractions 
prior to sixty minutes were obtained with injections of 1 ¢.c. of 1:25000 adren- 
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Fig. 9.—Responses of blood pressure (top record) and of nictitating membrane (next 
to top record) to adrenalin and to stimulation of cardiac nerve. Nictitating membrane was 
sensitized by postganglionic denervation thirteen days previously. A, Responses to injection 
intravenously of 0.5 c.c. of 1:25000 adrenalin. B, Responses to stimulation of right cardiac nerve 
for one minute (twenty maximal shocks per second). C, Responses to same stimulus as in B. 
Resulting cardio-acceleration: 62 beats per minute (see text). 


Fig. 10.—Same experiment as Fig. 9 after injection of dibenamine (20 mg. per kilogram). 
A, Responses to same stimulus as in Fig. 9, B, ten minutes after injection of dibenamine. B, 
Responses to same dose of adrenalin as in 9A, 15 minutes after injection of dibenamine. C and 
D, Responses to same stimulus as in B, 5 minutes later (an interval of 4 minutes cut out be- 


tween C and D). 
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alin; the two points beyond the sixty-minute mark were obtained with 1 c.e. 
volumes of 1:1000 adrenalin. The blocking action of the drug upon the re- 
sponses to sympathetic nerve stimulation develops slowly and is incomplete. 


5. The Effect of Dibenamine on the Response of the Nictitating Membrane 
to Circulating Sympathin.—Fig. 9 illustrates the responses of the sensitized 
nictitating membrane and of the blood pressure to the injection of 0.5 ce. of 
1:25000 adrenalin in A and to stimulation of the cardiac nerve for one minute 
periods in B and C. During the stimulation, the heart rate increased from a 
basal of 142 beats per minute to 204 beats per minute. The degree of tachy- 
cardia resulting from the stimulation was the same in B and C. Fig. 10 shows 
the responses to the same stimuli after the injection of 20 mg. of dibenamine 
per kilogram intravenously. At A, the cardiac nerve was stimulated for two 
minutes, instead of one. The same tachycardia was obtained as in Fig. 9, B 
and C, but there was no contraction of the nictitating membrane. - In B, Fig. 
10, there is still some response to adrenalin. Section C, Fig. 10, illustrates that 
the response of the nictitating membrane to adrenalin is nearly abolished, and 
that the response of the blood pressure is diphasic. Circulating sympathin, 
then, appears to be blocked as effectively as adrenalin, if not more so. 
DISCUSSION 


The data presented here demonstrate that dibenamine blocks the positive 
action of adrenalin and thereby unmasks its negative effects. The action of 
circulating sympathin E is likewise blocked by the drug. This effect is prob- 
ably not the result of failure of sympathin to enter the circulation, for Nicker- 
son and Goodman’ have reported acceleration of the denervated heart when 
the splanchnic nerves are stimulated under the influence of dibenamine and 
in the absence of the adrenal glands. 

The blocking action is not as great upon the effects of nerve stimulation 
as it is upon the effects of circulating adrenalin and sympathin. Cardio- 
acceleration, from excitation of the cardiac nerve, is not affected at all, and, 
while diminished, the contraction of the nictitating membrane in response to 
stimulation of the cervical sympathetic is not abolished. These findings are 
comparable with the effects of 933F (Cannon and Rosenblueth*®) and ethy)- 
yohimbine (Yonkman, Stillwell, and Jeremias’). 

The effect of dibenamine is not immediate. Although some modification 
of the action of adrenalin is demonstrable within five minutes from the time 
dibenamine is injected, often the maximum effect is not obtained until thirty 
minutes or more have elapsed. This suggests that the effect of the drug is not 
directly upon adrenalin or sympathin, but rather on some substance interven- 
ing between the mediator and the contractile mechanism, or possibly on the 
contractile mechanism itself. In support of this opinion may be mentioned the 
evidence presented by Nickerson and Goodman,’ that dibenamine has no dele- 
terious effect upon adrenalin in vitro. This finding differs from the observation 
of Morison and Lissak* that 933F does have a destructive action upon adrenalin 
in the test tube. 
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If dibenamine does not act directly upon adrenalin or sympathin, what 
is the mechanism of its action? Cannon and Rosenblueth® postulated that 
933F and similar substances may act by decreasing the permeability of the 
effector cell membranes. Such a theory would readily explain the blocking 
effect upon circulating adrenalin, adrenine, or sympathin, all of which must 
pass through cell boundaries in order to reach the effector cells. Considered 
in the light of the premise that smooth muscle is not a syneytium and that only 
some smooth muscle cells are directly innervated by nerve fibers (Cannon and 
Rosenblueth®), the theory would explain the fact that the effects of sympathetic 
nerve stimulation are diminished but not abolished by the drug, for the in- 
nervated cells would contract in response to sympathin produced within their 
cell boundaries, but the uninnervated smooth muscle cells which depend for 
stimulation upon the diffusion into them of sympathin from the innervated cells 
would not contract. 

A strong argument against the theory that dibenamin acts by decreasing 
permeability of effector cells, however, is the fact that when dosage-response 
curves are plotted, instead of a shift of the curve to the right, which would 
obtain if the permeability of cells had decreased and larger doses are therefore 
needed to produce the same response, there is a lowering of the asymptote 
of the curve (Acheson and Farah®). In other words, it is impossible to pro- 
duce as great a response in the smooth muscle after as before dibenamine re- 
gardless of how much the chemical or electrical stimulus is increased. 

Dibenamine might act by modifying an intermediate substance with which 
the chemical mediator must combine in order to exert its effects. It is note- 
worthy, in this regard, that the drug does abolish the action upon the nictitat- 
ing membrane of circulating sympathin E which presumably has already com- 
bined with an intermediate substance (Rosenblueth’®). It is difficult, further- 
more, to explain on such a theory the difference between the blocking effect 
against adrenalin and that against locally produced sympathin.. One would 
need to assume that locally produced sympathin is produced in extraordinary 
concentrations locally and is therefore more effective purely by the mass action 
effect, or that it has a greater affinity than adrenalin for the receptors in the 
contractile mechanism. 

Finally, the data presented might be used to support a theory that diben- 
amine acts directly upon the contractile mechanism itself. In its favor are the 
facts that (1) dibenamine is fundamentally a tissue poison (Nickerson and 
Goodman*), (2) its action in blocking adrenergic effects is not immediate, and 
(3) it is impossible to obtain as great a response after dibenamine as before, 
regardless of the dosage of adrenalin or the frequency of stimulation employed. 
Again, however, there is difficulty in explaining the difference between the 
effect upon the action of adrenalin and that upon the action of locally produced 
sympathin. 

It is impossible, with what data are available, to distinguish between the 
theories cited with finality, or to state that any is the correct one. It is reason- 
able, however, to discount theories depending upon changes in permeability of 
the effectors or upon destruction of the mediator since dibenamine does not 
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destroy adrenalin in the test tube (Nickerson and Goodman‘), and does not 
block the action of adrenalin on the heart (Acheson and Farah®). The theory 
that the drug acts directly upon the contractile mechanism itself fits the facts 
best. 

One would expect that since dibenamine does have a prolonged blocking 
action against the positive effects of adrenalin and, at least partly, against the 
positive effects of sympathetic nerve stimulation, it would find wide clinical 
application. It could be useful in the treatment of hypertension and vaso- 
spastic conditions and, indeed, has been used in such conditions (Goodman). 
Substanees with similar properties (piperidinomethylbenzodioxane, yohimbine, 
ergotoxine) have not been useful therapeutically because of the undesirable side 
effects produced by the dosages needed. 

In this clinic, dibenamine was used twenty-three times and the following 
side effects were observed: (1) local venous thrombosis at the site of injection, 
(2) nausea and vomiting in six patients of slight to moderate degree lasting 
six to twenty-four hours, (3) two transient toxic psychoses, and (4) coma and 
loss of sphineterie control lasting for one hour in a man in whom epilepsy 
could not be ruled out. The data that we obtained indicate that dibenamine 
reverses the pressor effect of adrenalin in the normal human being as it does 
in the cat. 

While this clinical experience has not been extensive, the severity and 
frequency of the reactions have made it unwise to use the drug therapeutically 
until more is learned about the mechanism and methods for controlling the un- 
desirable effects. 

As a diagnostic agent, the drug might find application in the diagnosis of 
pheochromocytoma in hypertension. One would expect the drug to have a 
greater blood pressure-lowering effect in such hormonal hypertension than in 
other types of hypertension. Blockage by dibenamine of the blood pressure 
rise induced by histamine in patients with hypertension would be especially 
suggestive of pheochromocytoma (Roth and Kvale’?). 


Nickerson and Goodman’ reported that dibenamine can prevent the ven- 
tricular fibrillation which occurs under cyclopropane anesthesia when adrenalin 
is administered. This fact might find application clinically. Since dibenamine 
does not abolish the chronotropic effect of adrenalin upon the heart, this 
observation suggests that adrenalin produces ventricular fibrillation by some 
mechanism which is blocked by dibenamine but is different from its chronotropic 
effect. 

SUMMARY 


1. The blocking action of dibenamine upon the effects of adrenalin and 
locally produced sympathin develops slowly. This action of dibenamine upon 
the responses to adrenalin begins to appear soon after injection of the drug, but 
often does not reach a maximum until thirty or more minutes after the injection 


(Fig. 8). 
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2. The blocking action of dibenamine upon the responses to sympathetic 
nerve stimulation develops more slowly and less completely than its blocking 
action upon the responses to adrenalin (Figs. 5, 6, 7, and 8). 

3. Circulating sympathin is blocked as effectively as adrenalin by diben- 
amine, if not more so (Figs. 10 and 11). 

4. Because the drug has a prolonged blocking effect upon the positive 
responses to adrenalin and to sympathetic nerve stimulation, it could find ex- 
tensive clinical application (hypertension, vasospastic diseases of the extremities, 
cardiac arrhythmias) if its untoward side effects can be eliminated. 
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FACTORS IN THE REDUCTION OF MORTALITY IN ACUTE 
APPENDICITIS 


STaNLEY O. Hoerr, M.D., Boston, Mass. 


ANY clinies are reporting a marked lowering in the mortality rate from 

acute appendicitis in the last few years.’ *»* *!? It is generally accepted 
that chemotherapy is responsible for the improvement, but specific proof for 
this belief is singularly lacking due to the multiplicity of factors affecting mor- 
tality and the simultaneous improvement in other aspects of treatment. The 
experience at the Peter Bent Brigham Hospital is in accord with that of the 
country at large in showing a striking decrease in the mortality rate from 
1941 through 1945 (Table 1). During this time there was only one death in 
382 consecutive cases of acute appendicitis, although on the basis of previous 
experience from twelve to fifteen deaths were to be expected. Studies from 
this hospital covering the years up to 1941,*° showed no appreciable change 
in mortality for twenty years, but form a particularly useful background for 
determining which specific changes have effected the improvement. 

In order to determine the responsible factors, a detailed comparison has 
been instituted between the 517 patients operated upon from 1936 through 
1940, and the 382 patients operated upon from 1941 through 1945. Both 
series of patients have been selected and analyzed by identical methods. Each 
represents a consecutive series of operative cases.* In each series, patients 
below the age of 12 years are rare (the usual lower age limit for the hospital). 
In each series, patients with tuberculosis, actinomycosis, carcinoma or carcinoid 
of appendix or cecum have been excluded. In each individual case there has 
been an histologic diagnosis of acute appendicitis when the appendix was re- 
moved, or obvious gross pus at operation in instances in which a large abscess 
made immediate removal of the appendix impossible. 

The eases have been divided into three groups, as follows: 

(1) Acute perforated appendicitis, if a gross perforation was deseribed by 
surgeon or pathologist. No attempt has been made to define the precise extent 
of the peritonitis, desirable though this would be; a careful study of operative 
notes by many different surgeons of varying experience and powers of observa- 
tion showed that such a differentiation would not be reliable. 

(2) Appendical abscess, if there was localized pus at operation, with or 
without gross perforation of the appendix. 

(3) Acute unruptured appendicitis, in the absence of gross perforation or 
localized pus. This group includes many patients with peritonitis and positive 
peritoneal culture without perforation. Again, no reliable method of including 
patients with such peritonitis with the perforated group appeared to be avail- 


Read (by title) at the meeting of the Society of University Surgeons, Boston, Mass., 
February 13-15, 1947. 


*There were no deaths from 1941 through 1945 in patients not operated upon. 
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TABLE I, ACUTE APPENDICITIS—MORTALITY RATE BY Five YEAR PERIODS, 1913-1945 








YEARS TOTAL CASES DEATHS 
1913-1920 75 26 
1921-1925 42: 17 
1926-1930 40: 15 
1931-1935 3Tt 17 
1936-1940 ‘ 25 
1941-1945 38: l 


“MORTALITY (%) 








[oP RR 
1\woaAntown 
| 





able and it seemed best to classify these with the unruptured group. Also in- 
cluded in this group are those cases in which the appendix was broken in 
removal. 

Although this grouping of acute appendicitis is not ideal, it has the virtue 
of easy application, and minimal dependence upon the personal observations 
of many different surgeons concerning the extent or type of peritonitis present 
which, in a properly executed operation, is often not determined. 


TABLE II. AcuTE APPENDICITIS—CLASSIFICATION OF CASES, 1913-1945 
J 





APPENDICAL 
ABSCESS 
"|Teases | % oF TOTAL | CASES | % OF TOTAL 
‘Ga 8% (15.9 i. <tr - “aug 
14.4 24 6.3 
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| ACUTE UNRUPTURED 
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APPENDICITIS 

YEARS | CASES | % OF TOTAL 
1936-1940 ma... 783 82 
1941-1945 303 79.3 55 
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It is beyond argument that the vast majority of deaths occur after perfora- 
tion or abscess formation has taken place in the course of acute appendicitis. 
The first point of interest, therefore, is the relative frequency’ of ‘‘complicated”’ 
appendicitis in the two five-year periods. Table II presents the percentage of 
eases of each type of appendicitis for the entire period 1913-1945, as well as for 
the five-year periods under consideration. Although there has been some de- 
erease in the number of patients with abscess or perforation in the past five 
years, the proportion is not significantly lower than it was in 1936 through 1940. 
Table III carries this finding one step further and demonstrates a decrease in 
the mortality in 1941 through 1945 for each type of appendicitis, most marked 
in the group with perforation. 

Since in the past the combined groups of perforated appendicitis or appen- 
dieal abscess have had a mortality rate ten to fifteen times greater than un- 


APPENDICITIS—GROUP MORTALITY RATE BY FIVE-YEAR 


PERIODS, 1913-1945* 


TABLE III. ACUTE 
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ABSCESS 


CASES |MORTALITY (%)| CASES |MORTALITY (%)| CASES |MORTALITY (%) 





1913-1920 
1921-1925 
1926-1930 
1931-1935 
1936-1940 
1941-1945 


294 
315 
305 
285 
405 
303 
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0.3 
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50 
81 
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*Two anesthesia deaths omitted (none 1941-1945). 
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TABLE IV. AcUTE APPENDICITIS—FAcToRS ACTING PRIOR TO OPERATION; 
APPENDICITIS WITH GROSS PERFORATION OR ABSCESS 











110 CASES (%) 79 CASES (%) 
(1936-1940) (1941-1945) 
3 29 








Age of patient 50 years or more 


Symptoms for 48 hours or more before hospitalization of 71 
Definitely received a cathartic 
Delay in hospital more than 6 hours for diagnosis é 14 
Admission pulse 100 or more 56 
Admission temperature 102° F. (R) or more 36 30 
Pulse 100 or more and temperature 102° F. (R) or more 


* 
32 


oF 


20 








*Significant difference. 


ruptured appendicitis, it is appropriate to focus our attention on these two 
groups, and to scrutinize with care the various factors which may have bearing 
on their far greater threat to life. To accomplish this, the patients with per- 
foration or abscess have been grouped together for 1936 through 1940 and 1941 
through 1945 and then cross-analyzed with respect to three sets of factors: 
those acting prior to operation; those acting at the time of operation; and those 
acting after operation. The results appear in Tables IV, V, and VIII. 

In Table IV it is seen that there is close agreement in the frequency of 
those factors which may be regarded as representing the preoperative risk or 
measuring the constitutional response of the patient to his illness. The only 
significant* decrease occurred in those patients known to have received a 
cathartic; not too much emphasis may be placed upon this since during the 
war years the recorded history was frequently rather sketchy. Furthermore, 
the chief damage caused by cathartics is in the production of the complications, 
which all of these cases had. 

In Table V it may be seen that there are several significant differences 
between the groups when factors acting at the time of operation are analyzed. 
The increased use of ether anesthesia in these complicated cases is probably 


TABLE V. ACUTE APPENDICITIS—FACTORS ACTING AT TIME OF OPERATION ; 
APPENDICITIS WITH GROSS PERFORATION OR ABSCESS 





110 CASES (% 79 CASES (%) 
(1936-1940) (1941-1945) 
Ether anesthesia 54 81* 
Operation by resident staff 80 71 
McBurney incision 66 72 
Duration of operation 1 hour or more 39 65* 
Positive peritoneal culture (when taken) 80 80 
Local sulfanilamide, wound or peritoneum 7 47* 
Drainage of peritoneal cavity 61 35* 














*Significant difference. 


*The following formula has been used for determining a significant difference between 
frequency rates in two series: 


Series 1 Series 2 
No. of Cases Frequency No. of Cases Frequency 
%o Y B% 


Suppose A greater than B, the difference is then A-B. This difference is significant if 
. A-B 
\ A X (100-A) plus B X (100-B) 
x » 





is greater than 2. 
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TABLE VI. ACUTE APPENDICITIS—DECREASING INCIDENCE OF DRAINAGE IN 
ACUTE UNRUPTURED APPENDICITIS 





YEARS DRAINED (%) MORTALITY % (ALL CASES) 
1913-1920 42.5 = 
1921-1925 36.5 
1926-1930 
1931-1935 ee 
1936-1940 4. 

1941-1945 ke 
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related to the increased duration of operation. During the war years, the 
house staff was less thoroughly trained than formerly, and the longer operations 
are evidence of inexperience coupled with the proper exercise of care and 
gentleness rather than speed. A short-acting spinal anesthesia such as procaine 
was likely to prove insufficient, and there was evidently reluctance toward using 
the longer-acting ones. Neither of these factors can be supposed to have reduced 
the mortality rate; most surgeons agree that spinal anesthesia is preferable to 
ether for these patients, and all agree that reasonably rapid surgery is desirable. 
There is a sharp increase in the use of sulfanilamide locally in the peritoneum 
or wound, but it is felt that this is not a responsible factor, or even of much im- 
portance; in only two instances was it used without accompanying systemic 
chemotherapy, and in only one ease since 1943 was it used at all. It has now 
been completely abandoned in this hospital. (It is realized that some surgeons 
still lay great store by the local use of sulfonamides. ) 

There is also a sharp drop in the incidence of peritoneal drainage. Table 
VI shows the consistent trend toward less drainage of acute unruptured appen- 
dicitis through the years, and Table VII shows the expansion of this policy to 
include all types of appendicitis. Although it cannot be proved that non- 
drainage prevents deaths, at least the decrease in its use is vindicated. Our 
experience demonstrates that it is unnecessary to use drains in the majority of 
complicated cases. Even abscesses may be closed without drainage, if the 
appendix is removed and the abscess either is very minute or its walls can be 
seen to collapse after the pus has been evacuated. On the other hand, it is 
my belief that properly employed drains per se are rarely an actual cause of 
death, or even contribute to fatalities to any marked degree, although it is 
recognized that some able surgeons hold a contrary view. The high mortality 
reported everywhere in cases in which drainage was used is far more likely to 
be related to the fact that it is used in the worst cases rather than to the iniq- 
uity of the drains themselves. 

Our clinic has stressed for many years the importance of the McBurney 
incision as the one of choice for acute appendicitis; exceptions to this rule are 


TABLE VII. AcuTE APPENDICITIS—INCIDENCE OF PERITONEAL DRAINAGE 











DRAINED (%) DRAINED (%) 

oo age eee OE an eT 
Acute unruptured appendicitis 5 1 
Acute perforated appendicitis 53 25 
Appendical abscess 81 58 
All cases 14 8 

















406 SURGERY 


pelvic appendicitis and acute appendicitis in females if the diagnosis is doubtful. 
There has been a slight but not significant increase in the frequency with which 
this incision has been used in the last five-year period under consideration. 

Table VIII, which analyzes factors acting after operation, holds the chief 
clue, in my opinion, to the lessening of fatalities. The greatest difference in 
any of the factors considered is the tremendous increase in the systemic use of 
the sulfonamides, rising from 14 to 85 per cent. Sulfathiazole was the drug first 
used in the 1941 through 1945 group, but since about 1942 sulfadiazine was used 
almost exclusively. The drugs were often given preoperatively with the fluids 
administered in the preparation of the sickest patients. Penicillin was not 
available for general use in our hospital until the latter part of 1945, and so 
was given in only four patients. It is now used regularly in patients with 
peritonitis, and its proper place in treatment is being evaluated. At any rate, 
it played an insignificant role in the years under consideration. 


TABLE VIII. AcuTe APPENDICITIS—FAcCTORS ACTING AFTER OPERATION ; 
APPENDICITIS WITH GROSS PERFORATION OR ABSCESS 








110 CASES (%) 79 CASES (%) 
(1936-1940) (1941-1945) 
Received systemic sulfonamides 14 85* 
Received systemic penicillin — 
Plasma or blood transfusion 
Gastrointestinal siphonage 47 











*Significant difference. 


There is an increase in the use of blood and plasma, not significant for the 
size of the series. There is a significant increase in the use of gastrointestinal 
siphonage. Undoubtedly this has helped save some lives. However, a study 
of all our fatalities from acute appendicitis’ showed that only 10 per cent died 
as a direct result of mechanical intestinal obstruction, or paralytic ileus, whereas 
nearly 70 per cent died as a result of intra-abdominal sepsis. (Some 20 per cent 
died of other causes such as pulmonary embolism, pneumonia, ete.) While 
the proper use of siphonage is unquestionably an important feature of the 
treatment of peritonitis, its point of action is not at the infection itself. Further- 
more, many patients have died in the past despite its use. For these reasons, it 
is felt that gastrointestinal siphonage must be relegated to a role secondary 
to that of chemotherapy in reducing the fatalities. 


REPORT OF FATAL CASE 


L. 8., (Surgical No. 78810), a 70-year-old white man, was admitted to the hospital 
for the second time Sept. 28, 1945, complaining of right upper quadrant abdominal pain of 
four weeks’ duration. He had been admitted nine days previously with the same complaint. 
Cholecystograms had shown a nonfunctioning gall bladder; a tentative diagnosis of acute 
cholecystitis had been made and operation advised but refused. Recurrence of pain, with 
anorexia and constipation, brought the patient back to the hospital again. Examination 
showed tenderness and resistance in the right upper quadrant extending to the right flank, 
and percussion tenderness over the right lower ribs anteriorly. The diagnosis again was acute 
cholecystitis and after six days of expectant treatment the abdomen was opened through a 
right upper rectus muscle-splitting incision. The gall bladder was normal, but there was 
an infrahepatic abscess of appendical origin; the cecum was malrotated and the appendix 
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lay behind it. Appendectomy with drainage was carried out. Postoperatively the patient 
did poorly. He was given sulfadiazine which was changed to penicillin in large dosage on 
the sixth postoperative day * (40,000 units every two hours). He developed an intractable 
hypoproteinemia despite repeated blood and plasma transfusions, a wound infection with 
dehiscence, pulmonary edema, and bronchopneumonia; he died on the thirteenth postopera- 
tive day. 

Autopsy.—There was a residual abscess retrocecally, (despite drainage), acute bronchitis 
and bronchopneumonia, and cellulitis of the abdominal wound. There was no generalized 
peritonitis. 


Comment.—Death must be regarded as primarily due to acute appendicitis 
with abscess formation, although the hypoproteinemia and pulmonary compli- 
cations finally tipped the balance. 


SUMMARY 


In the 382 patients operated upon for acute appendicitis in the years 1941 
to 1945 at the Peter Bent Brigham Hospital, there was only one death. This 
represents an unprecedented drop in mortality for this disease. An analysis 
shows that there was approximately the same proportion of complicated cases 
with perforation and abscess as there was in the preceding five years. From a 
detailed comparison of patients with perforation or abscess operated upon in 
1936 through 1940 and in 1941 through 1945 it appears that the chief factor 
responsible for the great improvement in the latter group was the systemic use 
of sulfonamides; the more frequent use of gastrointestinal siphonage probably 


played a subsidiary role. There has been a slight increase in the frequency of 
the McBurney incision, and a further reduction in the use of peritoneal drain- 
age even in the complicated cases. 
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Editorial 











The Definition of a Surgical Resident 


HE high priority given the certificate of the American Board of Surgery by 

the armed services, courts of workmen’s compensation, and medical indemnity 
insurance has made recent graduates conscious of its desirability. When such 
certification is made a requisite for an appointment to a hospital staff, it becomes 
mandatory. For those who seek its certificate, the American Board of Surgery 
has expressed a preference for residency training to fulfill the requirements lead- 
ing to examination. Consequently, a surgical residency has become the goal of 
most men who wish training in this field. The well-established residencies in 
university clinics are few in number so cannot possibly fulfill the need. On the 
other hand, the graduate student is reluctant to spend time in a hospital and 
not receive ‘‘credit’’ for his work, so ‘‘unapproved’’ hospitals have had difficulty 
in filling their resident staff in spite of the large number of those desiring such 
training. This has led to a rush for ‘‘approval’’ and to the creation of residencies 
that do not remotely resemble those that originated this system of training in the 
university clinics. Approval for internship is separated from that for residencies 
so that one finds smaller hospitals approved for resident training which do not 
have internships, nor do they have adequate libraries, research laboratories, or 
ward services. The meaning of the term ‘‘resident surgeon’’ now has such 
widely different connotations that it is useless as a yardstick to evaluate 
proficiency. 

The resident system of training in surgery was established in this country 
by Halsted. Originally his ‘‘first assistant’’ was resident for many years, but 
later one or two years was the rule both at Johns Hopkins and in the other 
elinies that adopted this method. There was enough uniformity to say that a 
residency training consisted of a period of five to seven years divided as follows: 
After internship, from three to five years were spent as an assistant resident. 
One year of this was often in an experimental laboratory or in surgical path- 
ology. The remainder was spent in rotating through the various branches of 
surgery and often the assistant resident acted as resident in the surgical special- 
ties. Occasionally, the assistant resident would spend a year in some other 
clinic or he might study abroad. By the time the resideney was reached, full 
responsibility could be given for the care of patients in the clinic. This resulted 
in the resident surgeon having the responsibility for 300 to 500 major operations 
during his term of service. He ended it a finished surgeon. How different this 
is from the training we now see in many so-called ‘‘approved residencies.’’ This 
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difference creates an urgent need to define what we mean by resident training 
in surgery, for unless this is done, conditions will become chaotic. 


The Society of University Surgeons has as a condition of membership the 
stipulation that a candidate must have completed an acceptable residency in 
surgery. It becomes a challenge to them to define what is meant by this. Such a 
definition would not be quibbling over words but would clarify our thinking on 
what is needed to elevate graduate education in surgery. If the Society can do 
this, it will have rendered a service. 

—Herman E. Pearse, M.D. 
Rochester, N. Y. 





Review of Recent Meetings 








MEETING OF THE SOCIETY OF UNIVERSITY SURGEONS 
Harris B. SHuMACKER, JR., M.D., NEw Haven, Conn. 


HE eighth annual meeting of the Society of University Surgeons was held in Boston, 

Mass., Feb. 13, 14, and 15, 1947. Hosts to the Society were the Massachusetts General 
Hospital and the Peter Bent Brigham Hospital. 

On the first day of the meeting, following welcoming remarks by Edward D, Churchill, 

the following papers were presented by the staff of the Massachusetts General Hospital and 


their associates: 


An Effective 90 Second Surgical Scrub—Carl W. Walter. 

The Treatment of Compression of the Esophagus and Trachea Resulting From 
Abnormalities of the Great Vessels—Robert E. Gross. 

Recognition and Treatment of Subdural Hematomas in Infants and Children—Franc - 
D. Ingraham. 

Favorable Results ‘of Surgery in Recurrent Cancer of the Colon and Rectum—J. E. 


Dunphy. 

An Unusual Type of Congenital Duodenal Obstruction—Thomas W. Botsford. 

A Study of the Effects of Early Rising in the Postoperative Period—James B. Blodgett. 

The Influence of Estrogen on Advanced Carcinoma of the Breast—Ira T. Nathanson. 

The Diagnosis of Cancer by Cytological Means—Howard Ulfelder. 

Cancer of the Stomach: Ten Year Study—Claude E. Welch. 

Portal Hypertension: Treatment by End-to-Side Splenorenal Anastomosis With Preser- 
vation of the Kidney—Robert R. Linton. 

Intracarotid Pressure in Intracranial Aneurysm—William H. Sweet. 

The Hyperfunctioning Adenoma of the Thyroid—Oliver Cope. 

Peritoneal Irrigation for the Treatment of Acute Renal Failure—Howard A. Frank. 

The extracellular Space in Relation to Burn Therapy—Francis D. Moore. 

Recent Studies in Irreversible Shock—Arnold M. Seligman. 

The second and third days of the meeting were devoted to papers by members of the So- 
ciety. In addition to those which are published in this issue of the JourNAL, the following 
papers were presented: 

Arteriovenous Fistula of the Lung: Report of Case Treated Successfully by Lobectomy 

—Edwin A. Lawrence, University of Utah, 

Implantation of the Pancreatic Duct in Resection of the Duodenum and Head of the 
Pancreas for Carcinoma—John T. Reynolds, University of Illinois. 

Experimental Production of Adenocarcinoma of the Stomach and Its Relationship to 
Gastritis—Edward L. Howes, Columbia University. 

The Role of Infection in Experimental Closed Loop Small Bowel Obstruction—Earle B. 
Mahoney, John Schilling, Walter Gunkler, and Harry Kingsley, University of 
Rochester. 

At the annual dinner the presidential address by Cobb Pilcher embraced the problem of 

the private practice of surgery in university hospitals. 
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New 
Pentothal Film 


Medical groups interested in 
intravenous anesthesia may 
arrange for the showing of 

a new motion picture film on 
the use of Pentothal Sodium 
by writing to the Medical 
Department, ABBOTT 
LABORATORIES, NorTH 
Cuicaco, ILurnots. 


August, 1947 


Since its introduction in 1934, Pentothal Sodium has been the subject 
of more than one thousand reports published in leading medical 
journals throughout the world. This impressive bibliography in such 
a short period proves that Pentothal Sodium is an important 


anesthetic. But more than that, it constitutes a detailed guide covering 
every phase of intravenous anesthesia with Pentothal Sodium— 

its indications, contraindications, advantages, disadvantages, pre- 
cautions to be observed, and technique to be followed. Such a wealth 
of accumulated experience makes possible the use of Pentothal 


Sodium with greater convenience, added safety and increased 
effectiveness. Wish to know more? Just write to 


ABBOTT LABORATORIES, North Chicago, Illinois. 


® 
Pentothal Sodium 
(Sterile Thiopental Sodium, Abbott) 


FOR INTRAVENOUS ANESTHESIA 


Page 13 























BRITISH SURGICAL PRACTICE 


Ready Soon for 


AMERICAN DISTRIBUTION 


In 8 Volumes—With Index 
6000 Pages—3000 Illustrations 


In collaboration with BUTTERWORTH & CO., LTD., of London, the 
MOSBY COMPANY will soon make available to American physicians and 


surgeons the set of “BRITISH SURGICAL PRACTICE.” 


Now in preparation, 


it is expected that the first volume will be ready for American Distribution by 


August or September, 1947. 


The remaining volumes are scheduled for release in 


orderly fashion, with the final volume due during the latter part of 1948. 


For Whom Intended . . . 


This work is for general surgeons and 
general practitioners and provides an au- 
thoritative source of information on general 
surgery, and on modern surgical principles 
and technic as a whole. It is clear and 
concise in its arrangement and style. Be- 
sides supplying detailed technic, it provides 
for recognition of the various conditions in 
which surgical intervention is demanded. 


How It Will Be Kept Up-to-Date . . . 


This is NOT a loose-leaf system of sur- 
gery that must be kept up-to-date by the 
insertion of pages supplied from time to 
time. In the years subsequent to the pub- 
lication of this work, purchasers will have 
the opportunity of having it kept up-to-date 
by CUMULATIVE SUPPLEMENTS pub- 
lished yearly. 


CONSTRUCTION ... 


This work deals with the clinical aspects 
of disease. All means of diagnosis are dis- 
cussed with the bases of biological and bio- 
chemical tests explained. The various vol- 
umes are alphabetical in arrangement. 

A uniform design for each article dis- 
cussed in the work is followed. Difficulties 
of reference are reduced to a minimum. 
Following are the main headings used for 
each article, in the order stated: Definition; 
Etiology; Surgical Anatomy; Pathology; 
Clinical Picture; Special Aids to Diagnosis; 
Differential Diagnosis; Prognosis; Indica- 
tions for Surgical Intervention; Pre-Opera- 
tive Management of the Patient; Operative 
Technic; Post-Operative Care Up to Con- 
valescence; Results of Treatment; Bibliog- 
raphy. 


MAKE YOUR RESERVATIONS NOW! 


THE C. V. MOSBY COMPANY 
3207 Washington Boulevard 
St. Louis 3, Missouri 


Gentlemen: Register me as a subscriber to “BRITISH SURGICAL PRACTICE” in Eight 


Volumes and Index, to be supplied and charged as and when issued. 
($15.00 for each of eight volumes—$5.00 for the Index 


eight volumes and index—$125.00. 
Volume). 


The price for the 





























DESIGNED FOR PRESSURE DRESSINGS 


Back Copies | WALLCOWASTE. 


WANTED! SUPERIOR SURGICAL COTTON WASTE 


BLEACHED WHITE 

The publishers require copies of No Lumps « All White « Easy to Handle 
Easy to Sterilize « Uniformly Resilient 

WRITE FOR A PROFESSIONAL SAMPLE 





the following back issues of Sur- 
gery, mostly for libraries, to com- 


plete broken files : C. GILBERT WALLWORTH & COMPANY 
326 S. DELAWARE AVENUE 
November, 1942 PHILADELPHIA 6, PA. 


October, December 1943 
January, November 1944 
January, 1946 


We will pay $0.85 for each copy 


Address copies to: A. W. Vol- 
land, Cireulation Manager The C. 
V. Mosby Company, 3207 Wash- 
ington Blvd., St. Louis 3, Missouri. 


























JUST ISSUED 





A PATHOLOGIST 


AND AN ANATOMIST 
BONE AND BONES each with a working 
knowledge of the 
Fundamentals of Bone Biology other’s field HAVE 
JOINED FORCES TO 
HE authors have written this volume in an effort CREATE THIS NEW 
AND UNUSUALLY 
VALUABLE WORK— 


to summarize and unify, and at the same time offer 
a detached survey of facts and theories which diminishes 


details but permits a vision of the greater plan. ae 


In the preface, they state, ““The book is intended to be a By JOSEPH P. WEIN- 
MANN, M.D. and 
HARRY SICHER, M.D. 
work on bone and on bones in their medical specialty: Department of Re- 
orthopedists, radiologists, metabolists, dentists, ortho- search, School of Den- 
tistry, Loyola Univer- 
sity, Chicago College of 
his particular field into the greater unit of biology.” Dental Surgery 


challenge to the research worker; a guide to those who 


dontists ; and an aid to the teacher who wants to integrate 


464 pages, with 280 illustrations. Price, cloth, $10.00. 
The C. V. Mosby Company—Medical Publishers—St. Louis, U. 8. A. 














————— 





August, 1947 


























Just Released! 


A New Mosby R -a| Publication 


The 
Skin WANIFESTATIONS 
OF INTERNAL DisorDERS 


(Dermadromes) 


by KURT WIENER, M.D. 


Dermatologist, Mount Sinai Hospital, Deaconess Hospital, 





680 Pages 





This new book marks the first presenta- 
tion in recent years dealing with skin 
manifestations of internal disorders— 
and the very first presentation which 
covers the field in a complete manner. 


While articles and books have been pub- 
lished on the subject, they have either 
been devoted to particular phases or 
parts—and emphasis has been on the in- 
ternistic aspect, rather than the derma- 
tologic. 


By coining the word “dermadrome”’— 
meaning, the skin part of a syndrome— 


THE C. V. MOSBY COMPANY 


St. Michael’s Hospital, Milwaukee, Wisconsin. 


400 Illustrations, 6 in color 





Use Coupon to Order 


3207 Washington Blvd., St. Louis 3, Missouri 


Gentlemen: Please send me a copy of— 


Price, $12.50 


Dr. Wiener covers accompaniments as 
well as actual skin manifestations of 
internal diseases. 


The coverage of the book is complete 
with a few exceptions. The author has 
not attempted to condense to a chapter 
the skin manifestations of syphilis, be- 
cause he feels that it would not be done 
justice. 


The book is written for the dermatolo- 
gist—as well as the general practitioner 
and internist—and therefore all infor- 
mation which might be necessary for 
each and all is included. 










Wiener’s SKIN MANIFESTATIONS OF INTERNAL DISORDERS 
PRICE, $12.50 


© Enclosed find check. 


Dr. 





O Charge my account. 








Address 
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Now Ready! 


CANCER 


DIAGNOSIS, TREATMENT, PROGNOSIS 


LAUREN V. ACKERMAN, M.D. JUAN A del REGATO, M.D. 


Pathologist to the Ellis Fischel State Radiotherapist to the Ellis Fischel State 
Cancer Hospital; Assistant Professor of Cancer Hospital; former assistant to the 
Pathology, Washington University School Radium Institute of the University of 
of Medicine, St. Louis. Paris. 


This is a new book of major importance to the medical profession. 
Its subject is obviously significant—and the manner in which the 
authors present their information renders the book a necessary 
tool of practice for every physician, specialist and general prac- 
titioner alike. © 


Part One is composed of five chapters, the first introducing the 
general subject. The remaining four cover Cancer Research (by 
Dr. Shimkin of the National Research Institute for Cancer); 
Pathology; Surgery; and Radiotherapy. Representing attitudes 
on the subject matter, these chapters give an excellent working 


background. 


Part Two takes up cancer of the various systems and organs of 
the body. Each chapter covers a separate system, and the chap- 
ters are set up logically under the following arrangement: Anat- 
omy—and in this section the lymphatics are completely outlined 
and illustrated. So far as is known, this is the only complete 
presentation of the lymphatic system available, having been gath- 
ered from scattered sources. Then follow Pathology, Clinical 
Evolution of Tumors, Diagnosis, Differential Diagnosis, Treat- 
ment and Prognosis. 


1200 pages, 749 illustrations, 42 in color on nine plates. Price, $20.00 


THE C. V. MOSBY COMPANY 
3207 Washington Blvd. 
St. Louis 3, Mo. 


Gentlemen: Reserve my copy of Ackerman and Regato’s new book, 
CANCER—DIAGNOSIS, TREATMENT, PROGNOSIS 
[) Attached is my check for $20.00 {(] Charge my account. 


August, 1947 











INDEX TO ADVERTISERS 


Please méntion “SURGERY” when writing to 
our advertisers—It identifies you 


(Pentothal Sodium) 13 
in Forthcoming 


Abbott Laboratories 
Articles to Appear 
Issues 


Back Copies Wanted 
Bard-Parker Company, Inc. 
Knife Handles) 


Ciba Pharmaceutical Products, Ine. (Pyri- 
benzamine) 


Ethicon Suture Laboratories (Braided 


Tentalum) 
Ethicon Suture 
Sutures) 


Laboratories (Eth‘con 
Be.ween 10 & 


and Sur- 
2 & 3 


Davis & Geck, Inc. (Dermalon 
guom Seurres).- 2... Between 


(Synacyvite) 
Fourth Cover 


Hoffmann-La Roche, Inc. 


All possible care is exercised in the preparation of this index. 


Third Cover 


International Pharmaceutical Corp. (Gly- 


cerite of Hydrogen Peroxide) 


Journal of the International College of 


Surgeons 


Lilly and Company, Eli (Becotin with 


Vitamin C) 


Squibb & Sons, E. R. (Crystalline Peni- 


cillin G Sodium) 
Stearns & Co., Frederick (Fergon) 


Swift & Company (Meats for Babies) —- 


5: > Bares sees «oe 


Western Journal of Surgery Publishing 


Wallworth & Company, C. Gilbert (Wall- 


cowaste) 


The publishers are not 


responsible for any errors or omissions. 
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Key ial Colts 


Ath Revised Edition 


FRACTURES, DISLOCATIONS 
AND SPRAINS 


@ More than 200 new illustra- 
tions added and substituted. 


@ All recent developments in 
theory and practice included. 


@ Section on war wounds re- 
vised especially with regard to 
skeletal fixation and chemo- 
therapy. 


By John Albert Key, B.S., M.D., and H. Earle Conwell, M.D., F.A.C.S. 
Price, $15.00 


1300 pages 


@ Complete revision of the 
chapter on Injuries of the 
Spine. Davis contributes a 
description of his gravity sus- 
pension method for the treat- 
ment of compression fractures 
of the spine and the section on 
cervical fractures and disloca- 
tions. 


1316 illustrations 


THE C. V. MOSBY COMPANY — Publishers — ST. LOUIS 3, MO. 


PAA ALEC AN NSA NN TT TCT kk: La VV 
Page 18 











